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SUMMARY 
The work summarized in this thesis involves the use of thin layer 
chromatography (TLC) as an analytical tool for identification and separation 
of amino acids and vitamins. In quest of an inexpensive methodology for the 
identification and separation of organic compounds, several 
chromatographic systems involving new and cost effective layer materials 
and novel eluent solvents have been developed. The results presented in the 
thesis contribute substantially to the advancement of normal-phase TLC 
procedures. The interesting features of the present study are: 
• Use of commercially available silica gel, alumina, kieselguhr and 
cellulose sorbents as layer material alongwith precoated high 
performance thin layer chromatography (HPTLC). 
• Use of surfactant as the component of mobile phases to investigate its 
role in modifying the retention pattern of analytes on TLC plates. 
• Use of surfactant modified silica layers for separation and 
identification of amino acids and vitamins in TLC. 
• The use of buffers and organic solvents as mobile phases for the TLC 
analysis of organic compounds. 
The present work formulated with the objective of developing new 
TLC systems comprising of novel mobile phases and support materials for 
acquiring improved separations of organic compounds. The results obtained 
during present study have been encapsulated in the form of eight chapters of 
the thesis. 
Chapter 1 an introductory part, provides a general idea about the 
amino acids and vitamins, their classification and structural formulae. 
Besides, a detailed description of TLC alongwith complete literature survey 
(1991-2009) on its application to amino acids and vitamins has been 
provided in this chapter. 
Chapter 2 deals with the development of a new thin layer 
chromatographic system for the study of essential amino acids on silica layer 
impregnated with surfactants (anionic, cationic and nonionic) as stationary 
phase and borate-phosphate buffers (pH 2.30, 5.38 and 9.04) as mobile 
phases. Amongst these stationary and mobile phases, silica layer 
impregnated with an anionic surfactant, 0.001 M sodium dodecyl sulphate 
(SDS) as stationary phase and borate-phosphate buffer (pH 2.30) as mobile 
phase was the most favorable system for the mutual separation of L-histidine 
and DL-tryptophan. The presence of impurities in the sample, lowest 
detectable amount, stability of the mixture and reproducibility of the Rp 
values for L-histidine and DL-tryptophan were determined. 
Chromatographic parameters like separation factor and resolution for the 
separation of L-histidine JSrom DL-tryptophan on silica TLC plates as well as 
silica gel 60 F254 HPTLC was evaluated and compared. Tryptophan as 
impurity at 0.25 jig level in amino acids sample was detected as violet-blue 
fluorescing spot under UV radiation. The proposed method is rapid and 
applicable to the identification and separation of tryptophan in drug samples. 
Chapter 3 illustrates the use of same TLC system for the specific 
separation of L-arginine from non essential amino acids. L-arginine shows 
stronger binding with SDS treated silica gel compared to its retention by 
non-impregnated (or plain) silica gel layer. Effects of sample pH and amines 
as impurities in the sample were examined for the separation of L-arginine 
from L-serine and L-tyrosine. Microgram amounts of L-arginine were 
separated from L-serine and L-tyrosine and vice-versa. 
Chapter 4 describes the high performance thin layer chromatography 
of twenty seven amino acids on silica gel 60 F254 HPTLC plates with 
fourteen mobile phases. Borate-phosphate buffers, buffer plus organic 
compounds (P-cyclodextrin and EDTA), organic nonelectrolytes (urea and 
thiourea) and inorganic electrolytes (ZnS04 and CUSO4) were used as 
mobile phases to examine the mobility of amino acids. Buffered aqueous 
ZnS04 (20%) solution (pH 2.3) has been identified most useful for the 
separation and identification of closely related aromatic amino acids. Effect 
of impurities in the sample was examined for the separation of DL-
phenylalanine from L-tyrosine. The lowest detectable amount (7.5 x 10'^  
jmg) for these two amino acids, stability of the mixture of DL-phenylalanine 
and L-tyrosine and reproducibility of the Rj, values, separation factor and 
resolution for the separation of DL-phenylalanine fi-om L-tyrosine were 
evaluated. The salting-out and salting-in effects of ZnS04 on the mobility of 
certain amino acids have been observed. 
Chapter 5 encapsulates the chromatography of amino acids 
performed on silica gel 60 F254 HPTLC plates, aqueous silver nitrate 
impregnated silica gel 60 F254 HPTLC, plain and aqueous silver nitrate 
impregnated reversed-phase HPTLC plates (RP-18 F254S) as stationary phase 
using borate-phosphate buffer as mobile phase. The 5% Ag ion impregnated 
silica gel 60 F254 HPTLC plates and borate-phosphate buffer pH 2.3 was 
selected for the study of amino acids. The mobility of amino acids on 
unimpregnated silica gel 60 F254 HPTLC plates and on plates impregnated 
with different concentrations of Ag ion were compared using borate-
phosphate buffer as mobile phase. The selected TLC system 5% Ag ion 
impregnated silica HPTLC plate as stationary phase and borate-phosphate 
buffer, pH 2.3 as mobile phase resolves a mixture of nonpolar amino acids 
(DL-Ala+DL-Phe+DL-Trp) and a mixture of nonpolar plus polar amino 
acids (DL-Ala+L-Tyr+DL-Trp), these amino acids have close pi values. 
Separation possibilities of two mixtures were examined in the presence of 
impurities. The lowest detectable amount of amino acids obtained on silica 
HPTLC plates impregnated with 5% Ag ion developed with borate buffer 
pH 2.3 are: for DL-Phe 4.5 ng spof', and for DL-Ala, L-Tyr and DL-Trp 7.5 
ng spof'. 
Chapter 6 summarizes the results of four water-soluble vitamins 
chromatographed on plain silica layer and silica layer impregnated with 
cationic (CTAB and CPC), anionic (SDS and SDC) and nonionic (Brij-35 
and 78, Tween 20, Cween 20 and 80) surfactants using double distilled 
water as mobile phase. These chromatographic systems were used to 
examine the mobility patterns and to find out the best TLC system for the 
separation of vitamins. Nonionic surfactant impregnated silica layer 
provides several opportunities for separation of vitamins from their 
multicomponent mixtures. Amongst nonionic surfactants used, 2% cween 80 
was found to be most effective for the mutual separation of thiamine, 
cyanocobalamin and ascorbic acid. The presence of inorganic anions and 
metal cations as impurities in the sample, influence of different solvents of 
the analyte, effects of pH of sample and mobile phase were examined for the 
separation of three-component mixture containing thiamine, 
cyanocobalamin and ascorbic acid. Microgram amounts of thiamine from 
milligram amounts of cyanocobalamin and vice versa were separated. The 
relative standard deviation in the Rp values of separated components of the 
mixture and the lowest detectable amounts of these three vitamins were 
determined. The proposed thin layer chromatographic method is applicable 
to the identification and separation of thiamine, cyanocobalamin and 
ascorbic acid in drug samples. 
Chapter 7 encapsulates the chromatography of seven water-soluble 
vitamins on silica gel 60 F254 precoated plates using thirteen organic mobile 
phases (acetonitrile, ethylacetate, hexane, acetone, butan-2-one, dimethyl 
sulphoxide. butanol, 1-pentanol, 2-propanol. 1,4-dioxane, l,4-dioxane:water 
(T.l v/v), 1,4-dioxane:water (1:2 v/v), 1,4-dioxane:water (2:1 v/v) and the 
spots were visualized under UV radiation. Amongst these mobile phases. 
1.4-dioxane:water (1:1) was favorable for the separation of thiamine 
hydrochloride from other water-soluble vitamins (riboflavin, nicotinic acid, 
calcium D-pantothenate, pyridoxine hydrochloride, cyanocobalamin and 
ascorbic acid). Effect of impurities on the specific separation of thiamine 
hydrochloride was also investigated. Detection and dilution limits of 
thiamine hydrochloride were 0.09 ^g spot"' and 1:1.7 x 10^  respectively and 
relative standard deviation in the Rp values of thiamine hydrochloride was 
14.99%. The proposed method is applicable for the identification of 
thiamine in pharmaceutical formulations. 
Chapter 8 presents the applicability of a thin layer chromatographic 
system comprising of silica layer impregnated with 0.01% sodium dodecyl 
sulphate (SDS) as stationary phase and 0.1% aqueous solution of cween 80 
as mobile phase for simultaneous separation of five water-soluble vitamins 
(folic acid, cyanocobalamin, thiamine, pyridoxine and riboflavin). Effect of 
the presence of metal cations, inorganic anions and amines as impurities; 
stability of the mixture of folic acid, cyanocobalamin, thiamine, pyridoxine 
and riboflavin; chromatographic parameters like ARp (difference in Rp 
values of two spots), a (separation factor) and Rs (resolution) for the 
separation of vitamins were determined. The detection and dilution limits, 
given in parenthesis for folic acid (1 |xg and 1:0.1 x lO"*), cyanocobalamin 
(0.08 i^g and 1:1.25 x lO''), thiamine (0.05 ^g and 1:2.0 x lO"*), pyridoxine 
(0.5 ng and 1:0.2 x 10 )^ and riboflavin (0.5 i^g and 1:0.2 x lO") were 
determined. 
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GENERAL IHTRDDUCTIDN 
CAapter-l 
1.1 CHROMATOGRAPHY 
Chromatography refers to a group of closely related separation 
techniques, which are quite usefiil in the analysis of chemical substances. The 
techniques find use in the separation, purification and identification of 
compounds before quantitative analysis is taken up. Selective distribution of the 
components of a mixture between two immiscible phases in intimate contact 
with each other forms the basis of separation in any chromatographic technique. 
One of these phases, called the stationary phase is a solid or an immobilized 
liquid (i.e., a liquid coated on a finely divided inert solid). The other phase is 
called the mobile phase (eluent or carrier gas depending on whether it is a liquid 
or gas) and percolates through the stationary phase. The sample is usually 
dissolved in the mobile phase. 
The history of chromatography spans fi-om the mid-19''' century to the 
2 r ' century. Chromatography literally "color writing", was used and named in 
the first decade of the 20"* century, primarily for the separation of plant 
pigments such as chlorophyll. New forms of chromatography developed in the 
1930s and 1940s made the technique useful for a wide range of separation 
processes and chemical analysis tasks. 
True chromatography is usually attributed to Russian botanist M. Tswett 
(known as father of chromatography), who used columns of calcium carbonate 
for separating plant pigments. His work was originally presented in 1903 and 
then published in 1906 [1]. He realized the resolution of different components 
of pigments as coloured bands and termed it as chromatogram. The actual 
importance of Tswett work remained dormant until about 1931 when separation 
of plant carotene pigments were reported by prominent organic chemist Kuhn 
[2, 3]. In 1940s the developments in the field of column chromatography 
accelerated. In 1952 Martin and James [4] published the article on gas 
chromatography. This article reported the use of a gas as a mobile phase in a 
separation of volatile fatty acids. Martin and Synge published their Nobel prize 
winning article in which they introduced liquid-liquid (or partition) 
chromatography and plate theory [5]. In 1950 [6] Craig replaced plate theory by 
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his paper entitled ''Partition chromatography and counter current distribution''. 
In 1955 Giueckauf published an article entitled ''The plate concept in column 
separations" indicates the importance of plate theory to early chromatographic 
development. An alternative to plate theory, rate theory came into prominence 
about the same time was published by Van Deemter, Ziuderweg and 
Klinkenberg [7]. They described the chromatographic process in packed 
columns in terms of kinetics and elucidate the diffusion and mass transfer 
processes in gas-liquid chromatography. In 1963, Giddings published an article 
entitled "LC with operating condition analogous to those of GC setting off a 
revolution in liquid chromatography. Those new conditions required high 
pressure, so HPLC was used to describe high-pressure liquid chromatography. 
High performance liquid chromatography also produced expected high 
performance separations. 
1.2 CLASSIFICATION OF CHROMATOGRAPHIC TECHNIQUES 
Chromatographic methods may be classified in three different ways, 
(a) The physical configuration and the method by which the stationary and 
the mobile phases are brought into contact with each other (Figure 1.1) 
and includes two types, namely, (i) column chromatography and (ii) 
planar chromatography. 
(b) The nature of mobile phase, includes three chromatographic techniques 
(i) liquid chromatography (ii) gas chromatography and (iii) supercritical 
fluid chromatography. 
(c) The type of interaction involved and the mechanism of separation (Table 
LI). 
Since the work presented in thesis is mainly based on the use of thin 
layer chromatography as an analytical tool, it is necessary to mention ihe salient 
features of this technique. The following paragraphs are devoted to thin layer 
chromatography. 
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Chromatographic techniques 
Column chromatographic techniques Planar chromatographic techniques 
Mobile phase (gas) 
I 
Mobile phase (liquid) 
r T 
GSC GLC LSC LLC BPC 
Mobile phase (liquid) 
I ^ 1 
PC TLC 
Figure 1.1: Classification of cliromatographic techniques 
BPC- Bonded phase chromatography; GLC- Gas liquid chromatography; GSC-
Gas solid chromatography; LSC- Liquid solid chromatography; LLC- Liquid-
liquid chromatography; PC- Paper chromatography; TLC- Thin layer 
chromatography 
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Table 1.1: Classification of chromatographic techniques on the basis of 
mechanism of separation, nature of stationary and mobile phase 
Stationary phase Mechanism of 
separation 
Specific technique 
Liquid chromatography (mobile phase is a liquid) 
Solid 
Adsorbed liquid 
Organic bonded phase 
Ion-exchange resin 
Liquid in the pores of a 
polymeric bead 
Adsorption 
Partition 
Partition 
Bioaffinity 
Hydrophobic 
interaction 
Ion-exchange 
Size-exclusion 
LSCJLC 
PC, LLC, normal phase HPLC 
BPC 
AC 
HIC, RPC, reversed-phase HPLC 
lEC 
GPC, Gel filtration 
Gas chromatography (mobile phase is a gas) 
Solid 
Adsorbed liquid or 
organic bonded phase 
Adsorption 
Partition 
GSC 
GCorGLC 
Supercritical fluid chromatography (mobile phase is a supercritical fluid) 
Organic bonded phase Partition SCFC 
AC- Affinity chromatography; GC- Gas chromatography; GPC- Gel 
permeation chromatography; GSC- Gas solid chromatography; HIC-
Hydrophobic interaction chromatography; HPLC- High performance liquid 
chromatography; lEC- Ion-exchange chromatography; LLC- Liquid-liquid 
chromatography: RPC- Reverse phase chromatography; SCFC- Supercritical 
lluid chromatography; TLC- Thin layer cliromatography 
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1.3 THIN LAYER CHROMATOGRAPHY (TLC) 
Thin layer chromatography is a subdivision of liquid planar 
chromatography in which the mobile phase (a liquid) migrates through the 
stationary phase (a thin layer of porous sorbent on a planar inert surface) by 
capillary action. Components of a mixture are separated by distributing between 
mobile phase and stationary phase. Difference in the affinity of individual 
components facilitates their separation. 
The beginning of TLC can be ascribed to Beyerinck [8] who reported the 
separation of sulfuric and hydrochloric acids in the form of fine rings on thin 
layer of gelatin using a visualizing agent. Following the same method Wijsman 
[9] identified the presence of two enzymes in malt diastase using a fluorescent 
method for detecting separated enzymes on layer. In 1938, N.A. Izmailov and 
M.S. Schraiber used binder fi-ee horizontal thin layers of alumina spread on 
glass plate to the analysis of pharmaceutical preparations [10]. In 1939, Brown 
developed a useful technique called Circular Paper Chromatography which 
involves the placing of filter paper between two glass plates and the application 
of sample and the developing solvent through a small hole of the upper plate. 
Then, he proposed the use of a thin layer of alumina between two sheets of 
paper. In 1940, Lapp and Erali used a loose layer of alumina spread on a glass 
slide that was supported on an inclined aluminium sheet. This sheet was cooled 
at its upper end and heated at the lower end. The sample was placed at the top 
of the adsorbent layer and gradually developed by solvent descending 
movement [11]. In 1949, Meinhard and Hall [12] gave the concept of Surface 
Chromatography and described their work on the use of microscope slides 
coated with a mixture of alumina (an adsorbent) and celite (a binder) to separate 
Fe"^ and Zn''. TLC received due attenfion in 1958, as a resuh of very precise 
and serious type of work carried out by E. Stahl [13, 14]. He not only perfected 
the method but also developed equipments and standardized adsorbents for the 
preparation of uniform layers on glass plates. 
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A major breakthrough in the field of TLC came in the mid-1970s with 
the availability of precoated plates with uniform, fine-particle layers and termed 
as high performance thin layer chromatography (HPTLC). 
TLC can be used for (a) qualitative analysis (to identify the presence or 
absence of a particular substance in a mixture), (b) quantitative analysis (to 
determine precisely and accurately, the amount of a particular substance in a 
sample mixture) and (c) preparative analysis (to purify and isolate a particular 
substance for subsequent use). All three cases require the common procedures 
of sample application, chromatographic separation and sample component 
visualization. However, analytical TLC differs from preparative TLC as the 
sample solution/or amount is applied on thinner layers in the former case, 
whereas thicker TLC plates are used for preparative TLC. 
1.4 TLC PROCEDURE 
The TLC process is an off-line process in which all the procedural steps 
(sample preparation, sample application, development, drying of chromatogram 
and detection) are carried out independently (Figure 1.2). The basic TLC 
procedure involves the spotting of sample mixture (1-2 jiL) at about 2 cm above 
the lower edge of the TLC plate, drying the spot at room temperature. Develop 
the plate in a suitable mobile phase to a distance of 10-12 cm by one 
dimensional ascending technique in a cylindrical or rectangular closed chamber, 
withdraw the plate from the developing chamber, and dry the layer at 60°C in 
an electrically controlled oven for 30 minutes. Detect the spots on TLC plate 
using suitable reaction reagent and then measure the R[. values of the resolved 
spots. The differential migration of components results due to varying degrees 
of affinity of the components in a mixture for stationary and mobile phases. 
Sample preparation 
Standard methods for sample preparation identification and separation of 
analyte present in a variety of samples such as plants, food, biological, 
geological and enviroimiental samples have been reported. In general, solutions 
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Preparation of Sample 
Sample Application 
Spotting / Streaking 
One/Two dimensional 
Plate Development 
Room temp/Elevated temp 
Drying of Chromatogram 
Detection Visual, UV-
Scanning, Reagent Spray 
Component Removal 
(Optional) -
Documentation and Reporting 
of Results 
Figure 1.2: Scheme of typical thin layer chromatographic process 
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of the amino acids are prepared by dissolving appropriate weights in double 
distilled water to give concentrations of 1% (1 g/100 ml). 
TLC plate preparation or coating procedures 
The manual preparation of layers involves the coating of slurry of the 
adsorbent (silica gel, alumina and kieselguhr) on glass, aluminium or plastic 
sheet (20 x 20 or 20 x 10 cm) with the help of TLC applicator. The plates 
should be dried at room temperature followed by activation at 100°C in an oven 
and then used. The thickness of dried layer for analytical purposes is kept to 
0.2-0.3 mm. A binder (starch, gypsum, dextrin or polyvinyl alcohol) is usually 
added to the layer material to provide better adhesion mechanical stability and 
durability. 
Sample application 
Sample application is one of the most important steps in the technology 
of TLC. Improperly applied samples result in poor chromatograms. Sample can 
be applied as spot or streak using micropipette, microsyringe, melting point 
capillaries etc. A number of automatic spotters of varying design are available 
for sample application. About 1 |j,L of 1% solution of the sample is applied on 
to a coated glass plates. The sample should be completely dried before placing 
the plate in the developing chamber. 
Development modes 
The process of migration of mobile phase through the sorbent layer to 
effect separation of the sample substance is called development. Ascending 
development has been the most commonly used mode of development in TLC. 
Other development modes such as multiple, circular and anticircular. stepwise. 
continuous, two-dimensional, gradient, centrifugal and reversed-phase partition 
development have also been used to limited extent. The distance for the 
migration of mobile phase has been kept to 10-12 cm for conventional TLC 
While performing the development one should take care of the angle of the 
development and saturation of chamber apart from other factors. 
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1.5 CHROMATOGRAPHIC SYSTEMS 
The stationary and mobile phases together comprise the chromatographic 
system. The proper selection of stationary and mobile phase condition decides 
the degree to which effective separations of components in a mixture can be 
achieved. 
Stationary phase (Sorbent layer) 
The sorbent layer or adsorbent should be selected on the basis of 
following properties, it should not chemically interact with the analyte; colour 
of the adsorbent should not interfere with chromatogram, preferably it should be 
colourless; insoluble in solvent; non-catalytic (should not catalyze the 
decomposition of the substance) and the physical and chemical properties of 
one adsorbent should not change under the experimental conditions. 
Silica gel, is an amorphous, porous substance and slightly acidic in 
nature. Silica gel has been the most preferred layer material followed by 
aluminium and cellulose. Binder is often incorporated into it to hold the 
adsorbent firmly on the plate. Thin layers of silica gel G (gypsum binder) and 
silica gel S (starch binder) with or without, fluorescent indicator have been used 
more frequently. At the surface of silica gel, the free valencies of the oxygen are 
connected either with hydrogen (Si-O-H, silanol groups) or with another silica 
atom (Si-O-Si, siloxane groups), Figure 1.3. 
Figure 1.3: Structure of silica gel 
The silanol groups represent adsorption-active surface centres that are 
capable to interact with solute molecules. Alumina (aluminium oxide) is basic 
and more reactive than silica gel. Adsorption is the separation mechanism in 
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both silica gel and alumina surface active centers of these types of aluminas are 
hydroxyl groups and oxide ions (O^'). The structure of alumina has pores rigidly 
fixed by a crystalline lattice structure, virtually cylindrical at 27 A in diameter. 
Alumina has higher adsorption affinity for carbon-carbon double bonds and 
better selectivity towards aromatic hydrocarbons and their derivatives. 
Cellulose, an organic material is used as a sorbent in TLC when it is convenient 
to perform a given paper chromatographic separation by TLC with decreased 
development time and increase in the sensitivity of detection. Kieselguhr is a 
naturally occurring amorphous silicic acid of fossil origin, often referred to as 
diatomaceous earth, bacillarieae earth or diatomite. A small, only slightly active 
surface and relatively large pore volume are available for chromatography. 
Magnesium silicate (florisil), activity lies between alumina and silica and is 
less prone to sample reactions than the former. Mixed layers (impregnated and 
non-impregnated) have also been used by several workers for achieving 
enhanced resolution of components. Mixed layers are usually of medium 
activity as compared to the separated phases. The addition of kieselguhr in 
silica generally reduces the activity as compared to the separated phases. The 
addition of kieselguhr in silica generally reduces the activity of silica, resulting 
in a new sorbent layer with altered activity that is capable of providing peculiar 
separations, not possible on separated phases. The mixed layers of upto three or 
four sorbents have been occasionally prepared and used for specific TLC 
applications. However, binary (or biphasic) sorbent layers have been more 
commonly used for routine analysis of organic as well as inorganic mixtures. 
Mobile phase (Solvent system) 
Selection of mobile phase depends on nature of the substances to be 
separated and adsorbent on which the separation is to be carried out. Separation 
possibility of complex mixture is greatly improved by the proper selection ot 
mobile phase. Mobile phase should be as simple as possible and prepared from 
the purest grade of solvent. The use of mixtures composed of more than four 
components of mobile phase should be avoided because of problems associated 
with reproducible preparations. In contrast to mobile phases of higher volatilit>', 
10 
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which are capable to evaporate quickly from the sorbent layer, better 
reproducibility is achieved with mobile phases of lower volatility. The mobile 
phases used as developers in TLC may be categorized into following groups, 
(i) Inorganic solvents: Solutions of mineral acids, bases, salts and 
mixture of acids, bases or their salts, 
(ii) Organic solvents: Acids, bases, hydrocarbons, alcohols, amines, ketones. 
aldehydes, organophosphates and their mixture in different proportions, 
(iii) Mixed solvents: Above mentioned organic solvents mixed with water, 
mineral acids, inorganic bases or dimethyl sulphoxide and buffered salt 
solution, 
(iv) Surfactant-mediated system: Aqueous and hybrid solutions of cationic, 
anionic and nonionic surfactants. 
Presently, the interest of chromatographers is growing in identifying the 
green mobile phase systems for future use. In our opinion aqueous solvent 
systems including pure water and aqueous solutions of amino acids, 
carbohydrates, ethylene glycol, ethylene acetate and nonionic surfactants will 
occupy the prime position as green eluents in chromatography. 
1.6 VISUALIZATION 
The process of detecting the spots on the plates after development is 
called visualization. Visualization of separated zones on TLC plate is performed 
by physical, chemical and biological methods. 
(a) Physical methods of detection involve the use of spectroscopy 
(autoradiography). X-ray fluorescence and UV radiation etc. 
(b) Chemical detection methods involve the spraying of plates with a suitable 
reagent, which forms colored compounds with the separated species. 
(c) Biological detection methods (bio-autography) are useful for specific 
detection of compounds with a certain physiological activity. 
In addition to these techniques, enzyme inhibition, immunostaining and 
flame ionization detection methods have also been used. 
11 
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1.7 TLC PARAMETERS 
(a) Identification 
In TLC the identification of separated compounds is primarily based on 
their mobility in a suitable solvent which is described by the Rp value of each 
compound. 
Distance of solute migration from the origin 
Kp = 
Distance of solvent migration from the origin 
The factors which influence the magnitude of Rp are nature of sorbent 
and mobile phase, layer thickness, room temperature, sample volume, related 
humidity and mode of development technique. Another term RM, which is the 
logarithmic function of the Rp value [i.e. RM = log (l/Rp-l)] is more useful as 
it bears a linear relationship to some TLC parameters or structural element of 
the analyte. However, incase of continuous multiple development, where the 
solvent front is not measured, and the term Rx is used. 
Distance moved by solute 
Distance moved by standard 
Rp value ranges from 0.0 for a zone not leaving the point of application 
to 0.999 for zone migration with solvent front. Unlike Rp, Rx value can be 
greater than 1.0. 
Another TLC parameter is separation factor, a = —J-, K, = ^ \' 
Kj Rp (l) 
1-Rp(2) 
and K, 
Rp(2) 
Rp(l) and R F ( 2 ) are the Rp value of spot 1 and 2 (Figure 1.4). 
Figure 1.4: Chromatographic plate 
12 
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1 AR 
In TLC, resolution (Rs) is determined asR^ == '-, —r, 1 is the 
0.5 (d, + d j 
migration length of the mobile phase from the point of sample application; ARp 
is the difference in the Rp values of two spots, determined as ARF = RF (2)- R[ 
(1); di and 62 are the diameters of the two spots (as shown in Figure 1.4) where 
resolution is to be determined. 
(b) Separation 
When two or more analytes have differential migration with the same 
chromatographic system, they are mixed thoroughly; the mixture is spotted on 
the TLC plate and chromatographed. The separated components of the mixture 
are detected and their Rp values are recorded. Some of the basic requirements 
for a good separation are (a) each spot should be compact (RL - RT < 0.3), (b) 
the difference in Rp values of two adjacent spots should be at least 0.1, (c) no 
complexation should occur between/among separable species and (d) 
chromatography of individuals and the mixture should be performed under 
identical experimental conditions. 
1.8 ADVANTAGES OF TLC 
TLC is the most versatile and flexible chromatographic method because 
of the following advantages: 
a) TLC samples require minimum sample preparation. 
b) It is rapid because precoated layers are available for use as received, 
without preparation. 
c) The automated sample applications and developers allow high accurac\ 
and precision in quantification. 
d) There is a wide choice of layers, developers and detection methods. The 
wide choice of detection reagents leads to unsurpassed specificity. 
e) Less pure samples can be successfully analyzed as the layers are 
normally not reused. 
f) Being an "offline" method, different steps of the procedure are carried 
out independently. 
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g) Possibility of simultaneous analysis of large number of samples. 
h) Wider choice of stationary and mobile phases. 
i) Disposable nature of TLC plates. 
j) Possibility of direct observation of colorful reactions of TLC plates. 
1.9 SURFACTANTS 
Surfactants are long chain amphiphilic organic or organometallic 
molecules, it is surface active agent. 
Surfactants may be of natural or synthetic origin. Surfactants from 
natural origin (vegetable or animal) are known as oleo-chemicals and are 
derived from sources such as palm oil or tallow. Surfactants from synthetic 
origin are known as petrochemicals and are derived from petroleum. 
Each surfactant molecule has a hydrophilic (water-loving) head that is 
attracted to water molecules and a hydrophobic (water-hating) tail that repels 
water and simultaneously attracts itself to oil and grease in dirts. These 
opposing forces loosen the dirt, force them away from the surface of the fabric 
and suspend it in the water. Surfactants are also referred to as wetting agents 
and foamers. 
Critical micelle concentration (CMC) is the concentration of surfactants 
above which micelles are spontaneously formed. The process of micelle 
formation is called micellization. Micelles do not exist at all concentration and 
temperature. Upon introduction of surfactants into the system they will initially 
partition into the interface, reducing the system free energy by (a) lowering the 
energy of the interface (calculated as area x surface tension) and (b) b\ 
removing the hydrophobic parts of the surfactant from contacts with water. 
Subsequently, when the surface coverage by the surfactants increases and the 
surface free energy (surface tension) has decreased, the surfactants start 
aggregating into micelles, thus again decreasing the system free energy by 
decreasing the contact area of hydrophobic parts of the surfactant with 
water. Upon reaching CMC, any further addition of surfactants will just 
increase the number of micelles. CMC is an important characteristic of a 
14 
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surfactant. Before reaching the CMC, the surface tension changes strongly with 
the concentration of the surfactant. After reaching the CMC, the surface tension 
stays more constant (Figure 1.5). CMC is independent of interface and is 
therefore, a characteristic of the surfactant molecule. The average number of 
monomers per micelle is called the aggregation number (N). At 25°C and 1 
atmospheric pressure, the CMC is typically less than 20 mM, with each micelle 
consisting of 40-140 monomers. A conventional model of micelles is that 
proposed by Hartley, (Figure 1.6) which is very useful for visualization of a 
micelle. 
Depending upon the nature of the hydrophilic groups, surfactants are 
classified as anionic, cationic, zwitterionic and nonionic surfactants. 
Anionic surfactants 
These surfactants bear a negative charge in the surface active portion [R-
X"M^]. Alkali alkanoates or soaps, alkyl sulfates, aryl sulfonates and sulfonates 
of alkyl succinates are important classes of anionic surfactants. The most 
important anionic groups are carboxylate (-CO3"), sulfate (-SOs) and sulfonate 
(-SO3 ). The anionic surfactants have the advantage of being high and stable 
foaming agents; however they do have the disadvantage of being sensitive to 
minerals and the presence of minerals in water (water hardness) or pH changes. 
Cationic surfactants 
The surface active portion bears a positive charge [R-N^ (CH3)3 X"]. 
These surfactants are based upon quaternary nitrogen. Alkylammonium 
halides and tetra-alkylammonium halides are the most numerous in this 
class. 
These surfactants reduce surface tension and are used as wetting 
agents in acid media. However, a disadvantage of cationic surfactant is 
that they have no detergent action when formulated into an alkaline 
solution. 
Zwitterionic surfactants 
Th ese surfactants contain both cationic and anionic group in a 
single amphiphilic molecule [R-(CH3)2 N'^CH2X~]. Betaines are very 
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important class of zwitterionic surfactants. These surfactants may be 
adsorbed onto the negatively or positively charged surfaces without 
forming hydrophobic film. The main characteristic feature of 
zwitterionic surfactants is their dependence on the pH of the solution in 
which they are dissolved. 
Nonionic surfactants 
These surfactants have hydrophobic/hydrophilic balance and hence 
there is neither a negative nor a positive charge on either part of the 
surfactant molecule [R(OCH2CH2)]mOH. Alkyl ethylene oxide surfactant 
also called alcohol ethoxylates come in this class. These surfactants have 
the advantage of not being affected by water hardness or pH changes. 
They are considered as medium to low foaming agents. 
R -> long aliphatic hydrocarbon chain MT -> metal ion 
X -> halogen or COO~ or S04^~ m -^ integer 
A list of some common surfactants is provided in Table 1.2. 
1.10 ORGANIC COMPOUNDS 
An organic compound is a chemical whose molecule contains carbon. 
Organic compounds are classified into natural and synthetic compounds. 
Natural compounds refer to those that are produced by plants or animals, 
many of these are still extracted from natural sources because they would be far 
too expensive to be produced artificially. Examples include most carbohydrates, 
lipids, fatty acids, amino acids, proteins, peptides, nucleic acids and vitamins. 
Synthetic compounds are compounds that are produced by reaction of 
other compounds. They may be either compounds that already are found in 
plants or animals or those that do not occur naturally. Many polymers, including 
all plastics are synthetic compounds. 
16 
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Concentration 
iwmm 
Figure 1.5: A graph of surface tension vs log of concentration of surfactant 
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1.11 AMINO ACIDS 
Amino acids are organic compounds made of carbon, hydrogen, oxygen, 
nitrogen and (in some cases) sulfur. An amino acid is a molecule containing 
both amine and carboxyl functional groups and have the basic formula, 
NH2CHRCOOH, where R is an organic substituent. In the alpha amino acids 
(except proline), the amino and carboxylate groups are attached to the same 
carbon, which is called the a-carbon. The various alpha amino acids differ in 
which side chain (R group) is attached to their alpha carbon, which vary in 
structure, size and electric charge and influence the solubility of amino acids in 
water. Amino acids are bonded together in chains known as peptides. The links 
between adjacent amino acids is called a peptide bond (between the carboxyl 
group of one amino acid and the amino group of a second amino acid). Very 
long chains of amino acids can bond together in this way to form proteins, 
which are the basic building blocks of all living things. Amino acids can exist 
as zwitterions at isoelectric pH (pi). 
Amino acids function as monomers, or individual units, that join together 
to form large chain like molecules called polymers, which may contain as few 
as two or as many as 3,000 amino acid units. Groups of only two amino acids 
are called dipeptides, whereas three amino acids bonded together are called 
tripeptides. If there are more than 10 in a chain, they are termed polypeptides, 
and if there are 50 or more, these are known as proteins. 
Amino acids are critical to life, and have a variety of roles in 
metabolism. One particularly important function is as the building blocks of 
proteins, which are linear chains of amino acids. Amino acids are also important 
in many other biological molecules, such as forming parts of coenzymes, as in 
S-adenosyJmethionine, or as precursors for the biosynthesis of molecules such 
as heme. Due to this role, amino acids are very important in nutrition. 
19 
Cdapter-l 
1.12 CLASSIFICATION OF AMINO ACIDS 
(a) Classification of amino acids on the basis of side chain 
Table 1.3: On the basis of side chain amino acids are classified as: 
Amino acids Three letter 
symbol 
A. Aliphatic amino acids 
Structural formula 
(a) Monoamine monocarboxylic acids 
Glycine 
Alanine 
Valine 
Leucine 
Isoleucine 
Gly 
Ala 
Val 
Leu 
He 
(i) Hydroxy! group containing 
Serine 
Threonine 
Ser 
Thr 
(ii) Sulphur Containing 
Cysteine 
Methionine 
Cys 
Met 
(b) Monoamino dicarboxyiic acids 
Aspartic acid Asp 
0 
2 \ ^ ^ 0 H 
0 
C H 3 0 
H 3 C " " ' ^ ^ - ' ' ' ^ 0 H 
N H 2 
0 
C H 3 N H 2 
C H 3 0 
3 \ ^ - - - --^ - 0 H 
N H2 
0 
H 0 ' ' ' ^ ^ Y ' ^ ^ O H 
N H 2 
C H 3 0 
N H 2 
0 
H S ' ' " ^ ^ ' ' ' ' ' ^ 0 H 
N H 2 
0 
S , ^ A 
N H 2 
0 N H 2 
Pl 
5.97 
6.00 
5.96 
5.98 
6.02 
5.68 
5.64 
5.07 
5.74 
2.77 
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Glutamic acid Glu 
(c) Dibasic monocarboxylic acids 
Lysine 
Arginine 
Lys 
Arg 
B. Aromatic amino acids 
Phenylalanine 
Tyrosine 
Phe 
Tyr 
C. Heterocyclic amino acids 
Histidine 
Tryptophan 
His 
Trp 
D. Imino acid 
Proline Pro 
0 0 
N H 2 
0 
HoN^ / - \ . ^ \ JL. 
NHj 0 
NH2 
0 
L L ^ ^ ^ N H 2 
0 
H 0 ^^~-^>^ 2 
0 
H 
0 
Cxjnc°" 
H ° 
3.22 
9.74 
10.76 
5.48 
5.66 
7.59 
5.89 
6.30 
(b) Classification of amino acids on the basis of nutritional requirements 
(i) Essential amino acids: Isoleucine, Leucine. Threonine, 
Lysine, Methionine, Phenylalanine, Tryptophan, Histidine and 
Valine are essential amino acids. Their carbon skeleton cannot 
be synthesized by human beings and so preformed amino acids 
are to be taken in food for normal growth. 
(ii) Non essential amino acids: Glycine, Alanine, Serine, Cysteine, 
Aspartic acid, Glutamic acid, Arginine, Tyrosine, Asparagine, 
Glutamine and Proline are non essential. All body proteins do contain 
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all the non essential amino acids. Their carbon skeleton can be 
synthesized by metabolic pathways and therefore their absence in the 
food will not adversely affect the growth. 
1.13 VITAMINS 
The term vitamin is derived from the words "vital" and "amine". 
because vitamins are required for life and were originally thought to be 
amines. Although not all vitamins are amines, they are organic compounds 
required by humans in small amounts for normal growth, metabolism and 
health. Vitamins are needed to make enzymes and hormones. They cannot 
be manufactured or synthesized by the body and must be ingested as part of 
their diet (except vitamin D, which can be made by the body from sunlight) 
and their absence or improper absorption results in specific deficiency 
disease. It is not possible to sustain life without all the essential vitamins. 
Vitamins, used therapeutically, can be of immense help in fighting disease 
and speeding recovery. They act as catalysts, helping the body to perform a 
multitude of functions. 
Vitamins, which are of several kinds, differ from each other in 
physiological function, in chemical structure and in their distribution in 
food. On the basis of solubility they are broadly divided into two categories 
(Table 1.4), namely, fat-soluble and water-soluble. Vitamins A, D, E and K 
are all soluble in fat and fat solvents and are therefore, known as fat-
soluble. Vitamin B complex and C are water-soluble. They are dissolved 
easily in water. 
There are 13 vitamins in all, and we need every single one of them, 
no exceptions. They are not food or a substitute for food. They have no 
calories and give no energy directly, but body needs vitamins, especialK 
the B vitamins to convert food to energy. 
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1.14 CLASSIFICATION OF VITAMINS 
Table 1.4: Hydrophilic and hydrophobic vitamins 
Vitamins Molecular formula Chemical structure 
Water-soluble vitamins (Hydrophilic vitamins) 
Thiamine cliloride (Bi) Ci2H,7ClN40S 
N H , 
Riboflavin (Bj) C,7H2oN406 HO. 
HO-
HO-
HO-
H H 
, N ^ ^ N ^ ^ O 
Niacinamide (B3) C6H6N2O 
N H . 
Pantothenic acid (B5) C9H16NO5 OH H3C 
HO 
NH 
CH36 OH 
Pyridoxine 
hydrochloride (B6) 
CgHuNOgHCl OH OH 
HO 
V 
^ - / ^ 
BiotinCBy) C,oH,6N203S 
H O ^ ^ O 
H H 
1 
H 
-NH 
Cyanocobalamin (B12) C63H88C0N,40,4P H,N ^ O 
23 
CHapter-l 
Ascorbic acid (C) C,H«0, 6n8W6 HO 
HO 
O. :0 
HO OH 
Folic acid C,9H,9N706 
Fat-soluble vitamins (Hydrophobic vitamins) 
Retinol (A) C20H30O Hfi CHs ^ CH^ 
Calciferol (D) C28H43OH CH, 
HO^^  
Tocopherol(E) C28H48O2 
Phylloquinone(K) C31H46O2 
1.15 LITERATURE 
The work published on TLC of amino acids and vitamins during 
the last nineteen years has been presented briefly in Table 1.5 and 
Table 1.6, respectively. 
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SURFACTANTS MODIFIED SILICA PHASE FOR SDRPTIOH 
STUDIES OFESSEHTIAL AMINO ACIDS SY THIN LAYER 
CHRDMATODRAPHY 
CfiapUr-2 
2.1 INTRODUCTION 
Because of the biochemical and physiological importance of amino 
acids, several analytical techniques such as high performance liquid 
chromatography [1], gas chromatography [2], TLC [3], electrophoresis [4], 
volumetric [5], viscometric [6] and micellar electrokinetic chromatography [7] 
have been used for their analysis. Amongst chromatographic techniques, thin 
layer chromatography (TLC) has been the most popular for routine analysis of 
amino acids due to its simplicity of use, simultaneous analysis of large number 
of samples, use of specific and colorful reactions, the possibility of two-
dimensional separation and easier manipulation of stationary and mobile 
phases. 
The work performed on TLC analysis of amino acids has been well 
documented in literature [8-12]. According to the literature, the majority 
of TLC analysis of amino acids has been performed on silica layers [11-
15]. The selective interactions of the sample molecules with surface 
active centers (Si-OH, silanol groups) of non-modified silica gel and the 
ability of chemical transformations of these silanol groups with 
appropriate reagents have made silica gel most favorable stationary 
phase for achieving unique separations. 
To achieve improved chromatographic performance in terms of 
selectivity, resolution and reproducibility, thin layers possessing 
different characteristics than those commonly used in TLC have been 
introduced. For this purpose, several approaches have been adopted to 
develop new sorbent phases to realize a desired separation with a 
particular mobile phase. From the literature survey, the following main 
approaches concerning stationary phases currently in use in the analysis 
of amino acids can be identified: 
(i) Traditional stationary phases [11, 13-15]. 
(ii) Surface modified stationary phases obtained by impregnation of 
silica gel with transition metal ions and their anions [16, 17]. 
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(iii) Reversed-phase stationary phases [18, 19] and the stationary 
phases impregnated with organic complexing agents [20, 21]. 
(iv) Chitin, chitosan and transition metals impregnation chitin layers 
[9, 22, 23]. 
(v) Chiral stationary phases [8, 24]. 
(vi) Synthetic inorganic ion-exchange layers [25-27]. 
In addition to above mentioned layer materials, amino acids have 
also been separated on carbamide-formaldehyde polymer (amino plast) 
using acidic and neutral eluents [28]. Sorbfil TLC plates have been used 
for quantitative analysis of L-tryptophan present in fermentation broth 
[29]. Two-dimensional TLC on polyamide sheets has been performed for 
the separation of all PTH amino acids [13]. None of the studies reported 
so far refers to the use of surfactant impregnated stationary phase in the 
analysis of amino acids. 
The use of aqueous surfactant solutions in TLC was first proposed 
by Armstrong and coworkers [30, 31]. Since then, surfactant mediated 
mobile phase systems were used as a useful alternative for hydro-organic 
mobile phases in liquid chromatography of polynuclear aromatic 
hydrocarbons and vitamins [32], phenols [33], amino acids [34, 35], 
alkaloids [36], dyes [33, 37], isomeric compounds [38] drugs [39, 40], aromatic 
amines [41, 42] and metal cations [43, 44]. 
The use of surfactants as mobile phase component, not only 
simplify TLC but also results in improved separations due to selective 
dissolution of polar and nonpolar substances b} electrostatic. 
hydrophobic and donor-acceptor interactions depending upon the nature 
of surfactants used and the type of analyte mixtures to be resolved. 
To our surprise, in spite of several advantageous features such as 
nontoxicit\, non-volatility, non-inflammability and cost effectiveness, 
surfactants have not been used as impregnant of silica gel for TLC 
analysis of amino acids using buffered aqueous solution as mobile phase. 
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The aim of this work was to develop new stationary phases by 
impregnating silica gel with aqueous solutions of surfactants in order to 
utilize the advantages of surfactant in stationary phase. This approach is 
contrary to the previous investigations where surfactants have been used 
as a component of mobile phase. However, our study is in consonance 
with the reported methods in the sense of using surfactant concentrations 
at three levels i.e., 
(a) below critical micellar concentration (CMC) value where 
surfactant behave as electrolyte, 
(b) above CMC value where surfactants form micelles of definite structure 
and aggregation number at thermodynamic equilibrium with the 
monomeric surfactant particles and 
(c) close to the CMC value. 
Our results clearly demonstrate that compared to nonionic and 
cationic surfactants, silica gel impregnated with anionic surfactant are 
exceptionally useful in TLC analysis of amino acids. As a result, mutual 
separation of histidine and tryptophan has been achieved on silica gel 
layer impregnated with 10'^ M sodium dodecyl sulphate (anionic 
surfactant) and developed with borate-phosphate buffer pH 2.30. 
2.2 EXPERIMENTAL 
All experiments were performed at 30+2''C apparatus. 
Apparatus 
A thin layer chromatographic applicator (ToshniwaL India), 20 x 3 
cm glass plates and 24 x 6 cm glass jars were used for the development 
of chromatographic plates. A glass sprayer was used to spray reagent on 
the plate to detect the spot. UV instrument (Model S.L.W.. Advance 
Research Instruments Co., India) was used for the fluorescence studies. 
Chemicals and reagents 
Silica gel 'G', silica gel 6OF254 HPTLC plates, boric acid, sodium 
hydroxide, ninhydrin, ammonium nitrate, trioctylamine and methanol (Merck, 
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India); sodium dodecylsulphate (SDS) and diphenylamine (BDH, India); amino 
acids, cetylpyridinium chloride (CPC), N-cetyl N,N,N-trimethyl ammonium 
bromide (CTAB), triton X-100 (TX-lOO) ammonium chloride, ammonium 
sulphate, cobalt chloride, copper sulphate, zinc nitrate and mercuric chloride 
(CDH, India); ammonium thiocyanate, m- and p-phenylenediamine (LOBA 
Chemie, India); tri-n-butylamine and tert-butylamine (S.D. Fine Chemicals 
Ltd., India) and phosphoric acid (Glaxo, India) were used. 
Amino acids studied 
Essential amino acids [45] 
(A) With side chains containing aromatic rings 
L-Histidine 
DL-Phenylalanine 
DL-Tryptophan 
(B) With side chains containing sulphur atom 
DL-Methionine 
(C) With side chains containing basic groups 
L-Lysine 
(D) With side chains containing hydroxylic (OH) groups 
DL-Threonine 
(E) With aliphatic side chain 
L-Leucine 
D-Leucine 
DL-Isoleucine 
DL-Valine 
Abbreviation 
L-His 
DL-Phe 
DL-Trp 
DL-Met 
L-Lys 
DL-Thr 
L-Leu 
D-Leu 
DL-lle 
DL-Val 
Test solution 
Test solutions (1%) of amino acids were prepared in double 
distilled water. 
Detector 
A 0.3% ninhydrin solution in acetone was used to detect all the 
amino acids. 
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Stationary phase 
Code Stationary phase 
Sil cage G' 
Sil cage impregnated with SDS (0.1 M) 
S3 Sil ca ge impregnated with SDS (0.01 M) 
Sil cage impregnated with SDS (0.008 M) 
Sil ca ge impregnated with SDS (0.001 M) 
Sil cage impregnated with SDS (0.0001 M) 
S7 Sil cage mpregnated with CPC (0.1 M) 
Sil cage impregnated with CPC (0.00003 M) 
Sil cage impregnated with CTAB (0.1 M) 
•10 Sil cage mpregnated with CTAB (0.0001 M) 
S„ Sil cage mpregnated with TX-lOO (0.01 M) 
»12 Sil cage impregnated with TX-lOO (0.0001 M) 
•13 Sil cage 6OF254 HPTLC plate impregnated with 0.001 M SDS 
•14 Sil cage 6OF254 HPTLC plate impregnated with 0.00003 M CPC 
•15 Sil cage 6OF254 HPTLC plate impregnated with 0.0001 M CTAB 
>I6 Silica ge 
100 
6OF254 HPTLC plate impregnated with 0.0001 M TX-
Mobile phase 
Following borate-phosphate buffer systems prepared from various 
combinations of boric acid (0.04 M), phosphoric acid (0.04 M) and sodiuni 
hydroxide (0.24 M) were used as mobile phase. 
Code 
M, 
M2 
M3 
Mobile phase 
Boric acid+Phosphoric acid 
Boric acid+Phosphoric acid +Sodium 
hydroxide 
Boric acid+Phosphoric acid+Sodium 
hydroxide 
Composition pH (v/v) 
50:50 2.30 
50:50:8.6 5.38 
50:50:23 9.04 
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Preparation of TLCplates 
(a) Plain silica gel thin layer plates 
TLC plates were prepared by mixing silica gel 'G' with double 
distilled water in 1:3 volume ratios with constant shaking for 5 minutes 
until homogeneous slurry was obtained. The resultant slurry was coated 
on the glass plates with the help of a Toshniwal applicator to give a 0.25 
mm thick layer. The plates were first air dried at room temperature and 
then activated by heating at lOO'^ C for 1 h. After activation, the plates 
were kept in airtight chamber until used. 
(b) Impregnated TLC plates 
The activated silica gel plates were impregnated with desired 
concentrations of SDS (0.1, 0.01, 0.008, 0.001 and 0.0001 M), CPC (0.1 
and 0.00003 M), CTAB (0.1 and 0.0001 M) and TX-lOO (0.01 and 
0.0001 M) by developing silica gel plates in aqueous solution of 
impregnant, followed by drying of the plates at 100°C in an electrically 
controlled oven for 1 h. 
Procedure 
Thin layer chromatography was performed on unimpregnated (or 
plain) and impregnated (with SDS, CPC, CTAB or TX-lOO) silica gel 
layers in glass jars. Test solutions (1.0 }iL) were applied by means of 
micropipette about 2 cm above the lower edge of the plates. The spot 
was allowed to dry and then the plates were developed in the 
chromatographic chamber presaturated for 30 minutes with desired 
solvent system using ascending technique. The solvent ascent was kept 
upto 10 cm from the point of application. After development, the plates 
were dried at 60"C followed by spraying with freshly prepared ninhydrin 
solution. All amino acids except L~Proline appeared as violet spots on 
heating TLC plates for 15-20 minutes at 60°C. L-Proline gives yellow 
spot. The Rp values were calculated from the values of RL (RF of the 
leading front) and RT (RF of the trailing front). 
R F = 0 . 5 ( R L + R T ) 
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Separation 
For the mutual separation, equal volumes (1.0 mL each) of L-His 
and DL-Trp were mixed and 1.0 ^L of the resultant mixture was loaded 
on SDS (0.001 M) impregnated silica gel 6OF254 HPTLC (8,3) or SDS 
(0.001 M) impregnated silica gel TLC (S5) plates. The plates were 
developed with mobile phase buffer pH 2.30, the spots were detected and 
the Rp values of the separated amino acids were determined. 
Interference 
Investigating the effect of amines, inorganic anions and metal 
cations on the mobility of amino acids is an important aspect as all 
amino acids contain amino group (-NH2). For investigating the 
interference of amines on separation of L-His and DL-Trp, an aliquot 
(LO ^L) of foreign substance ( 1 % aqueous solution of cations or anions 
and 1% alcoholic solution of amines) was spotted along with the mixture 
(l.O fiL) of L-His and DL-Trp. The chromatography was performed with 
M1-S5 (mobile phase, buffer pH 2.30 and stationary phase, SDS (0.001 
M) impregnated silica gel) system. The spots were det^i^U afrd^tfe^''P.f 
values of amino acids were determined. ^ ' ^r^?, N^^ ^ y*y>^ 
Chromatographic parameters ^9^ v. ^'^I 
. 1 ^ , •• _ w - - - • , " ^ 
For checking the stability of the mixture and the rejjf'oduie.ib^iify of 
the Rp values, equal volumes of 1% solutions of DL-Trp and L-His were 
mixed and 1.0 piL or 0.015 nL of the resultant mixture was loaded on 
surfactant impregnated TLC and HPTLC "plates developed with mobile 
phase M(. The plates were dried at 60"C and spots were detected by 
ninhydrin solution. The same process was repeated at the interval of 24 
hour for five days. The chromatographic parameters such as ARp (Rr 
value of DL-Trp minus Rp value of L-His), a (separation factor). R, 
(resolution) and standard deviation were determined. 
Limit of detection 
The identification limit of L-His and DL-Trp was determined by 
spotting different amounts of L-His and DL-Trp on SDS (0.001 M) 
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impregnated silica gel (S5) stationary phase and developed with Mi 
mobile phase. The plates were detected as described previously. The 
method was repeated with successive lowering of the amount of amino 
acids. The lowest amount that could be detected was taken as the limit of 
detection. 
Specific detection ofDL-Trp under UV radiation 
For checking DL-Trp as an impurity in a sample of amino acids, 1 
mL of 0.1% solution of DL-Trp and equal volumes (1 mL each) of 1% 
solution of all other amino acids (L-His, DL-Met, L-Lys, DL-Thr and L-
Leu) were mixed and 0.015 ^L of resultant mixture was loaded on SDS 
impregnated silica gel 6OF254 HPTLC plates (S13). The plates were 
developed with M\ and completely dried at 60°C and the fluorescence of 
DL-Trp was observed under UV radiation (short wavelength). 
Detection of Trp in drug sample 
Beaded material of the capsule was fine powdered and dissolved in 
10 mL of double distilled water. Aliquot (10 ^iL) of the resultant sample 
was loaded on SDS impregnated silica layer (S5) and developed with 
mobile phase (Mj), followed by drying at 60°C for 20-25 minutes. 
Ninhydrin solution was used for the spot detection. 
2.3 RESULTS AND DISCUSSION 
The results of the present study have been summarized in Tables 
2.1-2.5 and Figures 2.1-2.2. 
rhe results presented in Table 2.1 indicate that the mobility often 
essential amino acids on plain silica gel layer is influenced marginally 
by the pH of borate-phosphate buffer systems used as mobile phases. The 
R|, values of all amino acids fluctuate between 0.70 to 0.97 over the 
entire pH range (2.30, 5.38 and 9.04) of mobile phase. In view of better 
spot compactness, mobile phase of pH 2.30 was selected for further 
studies. 
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Results listed in Table 2.2 deals with the use of silica stationary 
phases impregnated with sodium dodecyl sulphate (SDS) at five different 
concentration levels [i.e. much above critical micelle concentration 
(CMC) (S2), above CMC (S3), at CMC (S4), near CMC (S5), below CMC 
(Se)] for the chromatography of amino acids using selected mobile phase 
Ml (pH 2.30 buffer). These concentration levels of SDS were selected 
for impregnation, for the reasons that below CMC (0.0001 M) SDS 
(CMC value of SDS in pure water is 0.0081M) behaves as an electrolyte 
whereas, above CMC (0.1 and 0.01 M) it forms micelles and behaves 
entirely in different way as compared to its behaviour below CMC. 
Furthermore, near CMC (0.001 M) SDS provide more polar environment 
compared to the aqueous system containing 0.0001 M SDS. It has been 
reported [46] that an increase in surfactant concentration in the mobile 
phase leads to the increase in adsorbed amount of surfactant monomers 
on the stationary phase, which usually cause a change in selectivity. Our 
results of Table 2.2 demonstrate that variation of SDS concentration 
from 0.0001 to 0.1 M in the stationary phase does not bring about a 
significant change in the selectivity of silica phase and all amino acids 
except L-His and L-Lys show comparatively higher mobility over the 
entire surfactant concentration range. However, an improved mutual 
separation of heterocyclic aromatic amino acids (L-His from DL-Trp) is 
possible on S5. Because of very close pK2 values of L-His (pK2 = 9.2) and DL-
Trp (pK? " 9.4) mutual separation is analytically very important. Silica 
gel impregnated with micellar SDS solution (SDS, 0.1 M) was found 
unsuitable for the chromatography of amino acids as certain amino acids 
produce tasled spots. However, an improved separation of L-His (Rf. =" 0.60) 
is emerged out on S5 (0.001 M) SDS treated silica layer. 
To examine the effect of nature of surfactant as impregnant. 
cationic (CPC and CTAB) and nonionic (TX-lOO) surfactants were 
introduced in silica stationary phase by impregnating silica gel with 
aqueous solutions (CPC 0.1 and 0.00003 M, CTAB 0.1 and 0.0001 M or 
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TX-lOO 0.01 and 0.0001 M) of these surfactants and the chromatography 
of amino acids on these stationary phases (S? - S12) was performed using 
borate-phosphate buffer pH 2.30 as mobile phase. The results presented 
in Table 2.3 further, demonstrate that the best separation of L-His from 
DL-Trp is possible on S5 layer compared to plain silica gel layer (S,) and 
silica gel layers impregnated with CPC (S7, Sg), CTAB (S9, Sio) or TX-
100 (Sii, Si2). Thus, anionic surfactant (SDS) impregnated silica layer is 
most favorable for selective separation of heterocyclic aromatic amino 
acids (i.e. L-His and DL-Trp). 
The results depicted in Figure 2.1 more clearly reveal that: 
(a) Compared to unimpregnated silica layer, better separation of L-His 
from DL-Trp was obtained on SDS (0.001 M) impregnated silica 
layer at all pH values of mobile phase (i.e. buffers, pH 2.30, 5.38 
and 9.04). 
(b) As regards to the pH of mobile phase, better separation of L-His 
was achieved at pH 2.30 irrespective of the nature of silica layer 
(non-impregnated or SDS impregnated). 
(c) The best separation of L-His from DL-Trp was at pH 2.30 on SDS 
impregnated silica layer. 
To widen the applicability of developed TLC system (M1-S5) the 
separation of L-His from DL-Trp was examined in the presence of 
amines (trioctylamine, tri-n-butylamine, tert-butylamine, diphenylamine. 
m- and p-phenyleneamine), inorganic anions (CI", 804^", SCN and NO3 
) and metal cations (Co"^, Cu""^ , Hg"^ ^ and Zn^^) as impurities. From the 
results listed in Table 2.4 it is clear that the Rp value of L-His increases 
slightly from 0.60 to 0.78 whereas, DL-Trp travels with the solvent and 
there is only marginal change in the Rp values in the presence of amines. 
A marginal change is seen in the presence of anions, the Rp values of L-
His vary between 0.59 to 0.63 (in case of NO3 , L-His was not detected). 
There is lowering in the Rp values of DL-Trp (Rp ranges between 0.69 to 
0.77) as compared to its standard Rp (0.90). In the presence of metal 
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cations, the mobility of L-His is strongly affected showing a reduction in 
its Rp value from 0.60 to 0.35 in the presence of Co^^. In the case of DL-
Trp, its RF value also decreases, though marginally in the presence of 
cations. L-His and DL-Trp were not detected in presence of Zn'^ and 
Hg^^ respectively. Thus, separation of L-His from DL-Trp is effected by 
the presence of amines, inorganic anions and metal cations as impurities. 
The chromatographic parameters such as ARp (RF value of DL-Trp 
minus Rp value of L-His), a (separation factor) and Rs (resolution) 
calculated for the separation of L-His from DL-Trp on surfactant 
impregnated TLC and HPTLC plates using Mi as mobile phase have 
been listed in Table 2.5. It is clear from Table 2.5 that better separation 
of L-His is obtained on HPTLC plates compared to conventional TLC 
plates (Figure 2.2) as indicative by higher values of ARp, a and Rs-
Amongst impregnants, SDS (0.001 M) provides better resolution of 
coexisting L-His and DL-Trp on both HPTLC ad TLC plates. 
The standard deviations in Rp values for the resolved spots of L-His 
and DL-Trp were found to be 0.008 and 0.005. 
The lowest possible detectable amounts of L-His and DL-Trp with M1-S5 
TLC system were 5.0 and 1.0 p,g/spot, respectively. The sensitivity of the 
proposed method towards amino acids in comparison with other methods 
involving derivatization process is not favorable. 
DL-Trp if present as an impurity (0.25 \ig) in a sample of amino 
acids "can be easily identified by observing violet-blue fluorescence on 
S13. After the development of HPTLC plate, it is dried and directlv 
exposed to UV-radiation (short wave) to observe the fluorescence. No 
detection reagent is used. 
The applicability of the proposed method (S5-M1 system) for the 
identification of tryptophan in pharmaceutical formulation was also 
tested. The drug sample Astymin Forte (actual weight 377.5 mg includes 
5 mg tryptophan) contains amino acids (Leu, He, Lys, Phe, Thr, Val, Trp 
and Met), Vit. A, Cholecalciferol, Thiamine mononitrate, Riboflavin, 
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Nicotinamide, Pyridoxine hydrochloride, Folic acid. Calcium 
pantothenate, Cyanocobalamin, Ascorbic acid and Tocopherylacetate, 5 
hydroxyantheanilic acid hydrochloride and colours (Erythrosine, 
Tartrazine, Indigo carmine and titanium dioxide). Histidine could not be 
detected whereas tryptophan was clearly detected (Rp = 0.90) along with 
lysine (RF= 0.62) and other amino acids (Rp = 0.76, Leu, He, Lys, Phe, 
Thr, Val and Met). When the drug sample was spiked with histidine, the 
resultant sample after chromatography produces three distinct spots for 
lysine plus histidine (Rp ^ 0.65), tryptophan (Rp = 0.90) and other amino 
acids (Rp = 0.76). In addition to these three spots a yellow spot (RF= 
0.98) is also appeared very close to solvent front which is probably due 
to the migration of dyes that are contained in the drug sample. 
2.4. CONCLUSION 
The proposed thin layer chromatographic system comprising of 
SDS (0.001 M) impregnated silica layer as stationary phase and borate-
phosphate buffer of pH 2.30 as mobile phase was the most favourable for 
the separation of L-His from DL-Trp. 
Being selective, the proposed method could be implemented as a 
reliable analytical tool for the analysis of clinical samples. More 
importantly, the method could be applied for the identification of DL-
Trp in the clinical samples and drugs. 
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Table 2.1: Rp values of essential amino acids on plain (i.e. non-
impregnated) silica gel (Si) layers developed with borate-phosphate buffer 
of different pH values (2.30, 5.38 and 9.04) 
Essential 
amino acids 
L-His 
DL-Ile 
L-Leu 
D-Leu 
L-Lys 
DL-Met 
DL-Phe 
DL-Thr 
DL-Trp 
DL-Val 
Ml 
0.70 
0.81 
0.80 
0.80 
0.84 
0.90 
0.82 
0.96 
0.92 
0.86 
RF values 
M2 
0.74 
0.82 
0.81 
0.77 
0.85 
0.87 
0.76 
0.97 
0.86 
0.86 
M3 
0.78 
0.80 
0.88 
0.77 
0.93 
0.89 
0.87 
0.96 
0.83 
0.94 
Table 2.2: Rp value of essential amino acids on non-impregnated plain 
silica layer and SDS (different concentration levels) impregnated silica 
layer using borate-phosphate buffer pH 2.30 (Mi) as mobile phase 
Essential 
amino acids 
L-His 
DL-Ile 
L-Leu 
D-Leu 
L-Lys 
DL-Met 
DL-Phe 
DL-Thr 
DL-Trp 
DL-Val 
*T stands for t 
Plain silica 
layer 
s, 
0.70 
0.81 
0.80 
0.80 
0.84 
0.90 
0.82 
0.96 
0.92 
0.86 
ailed spot with 
Stationary phase SDS impregnated 
silica layer 
S2 
0.67 
0.79 T' 
0.80 
0.84 T 
0.60 
0.78 T 
0.68 
0.90 
0.80 T 
0.76 
EIL - RT > 0 
S3 
0.68 
0.79 
0.77 
0.84 
0.77 
0.86 
0.82 
0.92 
0.90 
0.90 
.3 
S4 
0.62 
0.78 
0.84 
0.81 
0.56 
0.86 
0.82 
0.86 
0.90 
0.75 
S5 
0.60 
0.78 
S6 
0.67 
0.87 
0,83 ' 0.85 
0.81 : 0.83 
j 
0.55 : 0.67 
0.86 ^ 0.91 
• 
0,82 0.76 
0.86 
0.90 
0.74 
0.97 
0.89 
0.85 
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Table 2.3: Rp value of essential amino acids on different stationary 
phases using M] (buffer pH 2.30) as mobile phase 
Essential 
amino acids 
L-His 
DL-Ile 
L-Leu 
D-Leu 
L-Lys 
DL-Met 
DL-Phe 
DL-Thr 
DL-Trp 
DL-Val 
Stationary phases" 
S2 
0.67 
0.79 T 
0.80 
0.84 T 
0.60 
0.78 T 
0.68 
0.90 
0.80 T 
0.76 
Ss 
0.60 
0.78 
0.83 
0.81 
0.55 
0.86 
0.82 
0.86 
0.90 
0.74 
S7 
0.64 
0.79 
0.80 
0.81 
0.63 
0.83 
0.64 
0.81 
0.75 
0.89 
Sg 
0.72 
0.79 
0.87 
0.84 
0.71 
0.79 
0.75 
0.94 
0.87 
0.85 
S9 
0.65 
0.73 
0.75 
0.76 
0.58 
0.78 
0.74 
0.86 
0.71 
0.78 
S,o 
0.71 
0.80 
0.85 
0.83 
0.69 
0.81 
0.80 
0.94 
0.88 
0.84 
Sn 
0.63 
0.68T 
0.79 
0.79 
0.59 
0.79 
0.84 
0.90 
0.89 
0.83 
S,2 
0.66 
0.82 
0.85 
0.83 
0.60 
0.80 
0.85 
0.88 
0.89 
0.83 
(T - Tailed spot; RL - RT ^ 0.3) 
"82 = SDS (0.1 M) impregnated silica layer; S5 = SDS (0.001 M) impregnated 
silica layer; S? = CPC (0.1 M) impregnated silica layer; Sg = CPC (0.00003 M) 
impregnated silica layer; S9 = CTAB (0.1 M) impregnated silica layer; Sio = 
CTAB (0.0001 M) impregnated silica layer; Sn =TX-100 (0.01 M) 
impregnated silica layer; S12 = TX-lOO (0.0001 M) impregnated silica layer 
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Table 2.4: Separation of L-histidine from DL-tryptophan in the 
presence of impurities (amines, anions and cations) on SDS (0.001 M) 
impregnated silica phase (Ss) using Mi (pH 2.30) as mobile phase 
Impurities 
Tri-n-butylamine 
Tert-butylamine 
Trioctyl amine 
Diphenylamine 
p-phenylenediamine 
m-phenylenediamine 
NO3" 
SCN' 
cr 
S04^" 
Co^^ 
Cu^ -^  
Hg^^ 
Zn'' 
Without impurity 
ND: Not dtitected 
RF 
L-Histidine 
0.69 
0.65 
0.74 
0.74 
0.74 
0.78 
ND 
0.59 
0.60 
0.63 
0.35 
0.45 
0.43 
ND 
0.60 
values 
DL-Tryptophan 
0.90 
0.90 
0.87 
0.91 
0.88 
0.91 
0.69 
0.76 
0.76 
0.77 
0.80 
0.70 
ND 
0.73 
0.90 
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Table 2.5: ARp, a and Rs values for the separation of L-histidine 
from DL-tryptophan on surfactants impregnated laboratory made 
silica layers and on surfactants impregnated precoated silica HPTLC 
plates using Mi (pH 2.30) as mobile phase 
Impregnant 
0.001 M 
SDS 
0.00003 M 
CPC 
0.0001 M 
CTAB 
0.0001 M 
TX-lOO 
Number 
of days 
1 
2 
3 
4 
5 
1 
2 
3 
4 
5 
1 
2 
3 
4 
5 
1 
2 
3 
4 
5 
Separation parameters 
ARF 
TLC 
0.24 
0.25 
0.23 
0.23 
0.24 
0.12 
0.15 
0.11 
0.14 
0.12 
0.16 
0.13 
0.18 
0.16 
0.18 
0.24 
0.23 
0.24 
0.21 
0.24 
HPTLC 
0.60 
0.60 
0.61 
0.60 
0.61 
0.57 
0.57 
0.57 
0.57 
0.57 
0.56 
0.55 
0.55 
0.55 
0.56 
0.59 
0.57 
0.58 
0.57 
0.58 
a 
TLC 
4.64 
5.21 
4.43 
4.76 
4.64 
2.23 
2.71 
2.05 
2.58 
2.32 
2.99 
2.35 
3.50 
2.99 
3.50 
5.41 
4.76 
4.98 
4.04 
4.98 
HPTLC 
17.00 
16.63 
18.43 
17.00 
18.43 
14.57 
15.04 
14.57 
14.57 
14.57 
13.50 
12.55 
12.85 
12.85 
13.20 
15.75 
13.89 
14.65 
13.89 
14.94 
Rs 
TLC 
2.82 
3.57 
2.30 
3.29 
3.00 
1.33 
1.88 
1.16 
1.87 
1.09 
2.13 
1.53 
1.80 
1.45 
2.00 
3.20 
2.88 
2.82 
3.00 
3.00 
HPTLC 
7.50 
7.50 
8.13 
7.50 
7.18 
6.71 
6.71 
5.43 
6.71 
6.71 
6.22 
6.47 
6.47 
7.33 
5.60 
6.94 
6.71 
7.25 
7.60 
7.25 
A R[. ~ R| value of DL-Trp minus Rp value of L-His a = Separation taclor. a 
1-R. 
^^"'> with K(His) = ^^^^^ and K,rrp) ^F(rr|>) 
• ^ (T rp ) 
R. 
R 
Rs = Resolution. 
F(IIis) •^FCTrp) 
, X = ARp.l. I is the migration length of the mobile 
phase from the sample application point, d(His) and d(Trp) are the 
diameters of the two spots (L-His and DL-Trp) 
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1 
0.9 
0.8 
0.7 
® 0.6 
5 0.5 
£i. 0.4 
0.3 
0.2 ^ 
0.1 \ 
I 
0 i 
HI L- His on Si stationary phase. 
S L- His on Ss stationary phase. 
0 DL- Trp on Si stationary phase. 
H DL- Trp on S5 stationary phase. 
-pH2.30-
-NVsSV 
.^^Vv^ 
-v.wv 
.VvVv.V 
.wwv 
• pH 5.38- pH 9.04-
Vv,\ \V 
W V s V 
W V . V 
\ \ \ \ v 
•.swv 
L-His DL-Trp L-Hls 
•i\XV 
\.\N.NN.\ 
. W W . 
DL-Trp L-His DL-Trp 
Figure 2.1: Separation efficiencies of non-impregnated and SDS (0.001 M) 
impregnated silica layers for the resolution of L-His and DL-Trp at 
different pH values of mobile phase 
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i k 
DL-Trp — 
E L-His — 
o 
o 
ik 
E 
o 
i 
TLC Plate 
0 
0 
HPTLC Plate 
0 
0 
• 
DL-Trp 
L-His 
Figure 2.2: Comparative resolution of DL-Trp and L-His mixture on TLC 
(Ss) and HPTLC (8,3) silica plates developed with borate-phosphate buffer 
(pH 2.30) 
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Cfuipter-3 
3.1 INTRODUCTION 
The separation and identification of amino acids lias been 
performed by thin layer chromatography (TLC) on a variety of sorbent 
phases [1-23]. Of the sorbent phases utilized, silica gel has been the most 
favored layer material [4-6, 24-31]. However, in order to achieve 
efficient chromatographic performance in terms of rapidity, selectivity 
and resolution, new surface modified sorbents are being developed. 
During the survey of literature on TLC separation of amino acids, we 
identified five major types of layer materials currently in use: 
(i) Non-modified pure conventional sorbents (silica gel, alumina, 
cellulose, polyamide etc.). 
(ii) Adsorbents impregnated with certain organic substances (8-
hydroxyquinoline, pyridinium tungstoarsenate, dodecyl-
benzenesulfonic acid), metal ions (Cu"", Zn"", Cd"", Ug'\ Co^^ 
7-4- — — — '^ — 7— — 
and Fe ), inorganic anions (CI , Br , I , PO4 , SO4 , CH3COO ), 
organometallics (Cu-proline complex) and chiral selector [(-)-
brucine, (-)- ascorbic acid, (+)- tartaric acid, etc.]. 
(iii) Synthetic inorganic ion exchange materials (Amberlite CG-120) 
and cellulose derivatives (DEAE-cellulose, CM cellulose and 
cellulose SF). 
(iv) Mixed adsorbents containing a mixture of two conventional layer 
materials with or without a binder (antimony (V) phosphate + 
silica gel), 
(v) Chiral, achiral and reversed-phase stationary phases. 
TLC of amino acids performed on impregnated layers has been reviewed 
by Bhushan [5], Gasparic [32] and J. Sherma et al [33]. The impregnation of 
stationary phase can be brought about by (a) adding the impregnation reagent to 
the adsorbent slurry (called "'precoating method"), (b) spraying impregnant 
solution on TLC plates, (c) exposing the layer to the vapours of the 
impregnating reagent and (d) allowing the impregnant solution to ascend in a 
normal manner of development (called "post coating or immersion method"). In 
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the present study impregnated layers were prepared by post coating metiiod. 
The enhanced selectivity and improved resolution of impregnated layers for 
analytes may be attributed to the decisive role of impregnating agent in ion 
pairing, complex formation, charge transfer, ligand or ion exchanging and 
hydrogen bonding processes during chromatography. 
In general, TLC of amino acids and their derivatives on impregnated 
layers [34-35] has been performed with mixed organic and aqueous-organic 
solvent systems. None of the above cited studies reports the use of silica gel 
impregnated with surfactants in combination with buffer solutions as eluent in 
the analysis of amino acids. This communication describes an attempt to 
explore the possibility of developing new TLC systems for selective separation 
of amino acids on silica gel impregnated with different surfactants. As a result, 
we have identified a simple TLC system comprising silica gel impregnated with 
sodium dodecyl sulphate (SDS), an anionic surfactant as stationary phase and 
aqueous borate-phosphate buffer (pH 2.30) as mobile phase for specific 
separation of arginine from other non essential amino acids, specially from 
serine and tyrosine which have identical pKa values. The pKai value of 
arginine, serine and tyrosine is 2.2 whereas their pKa2 values are 9.0, 9.1 and 
9.2 respectively. Additionally, all these amino acids belong to the same group 
of amino acids containing neutral polar side chain. 
3.2 EXPERIMENTAL 
All experiments were performed at 30 + 2°C apparatus. 
Apparatus 
TLC applicator (Toshniwal India) was used for coating silica gel on 20 x 
3.5 cm glass plates. The chromatography was performed in 24 x 6 cm glass jars. 
A glass sprayer was used to spray reagent on the plates to locate the position ot 
the spot of analyte. 
Chemicals and reagents 
Silica gel 'G', boric acid, sodium hydroxide, ninhydrin, trioctylamine 
and methanol (Merck, India); sodium dodecyl sulphate (SDS) and 
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diphenylamine (BDH, India); cetylpyridinium chloride (CPC), amino acids, N-
cetyl N,N,N-trimethyl ammonium bromide (CTAB) and triton X-100 (TX-lOO) 
(CDH, India); m- and p-phenylenediamine (LOBA Chemie, India); tri-n-
butylamine and tert-butylamine (S.D. Fine Chemicals Ltd., India); phosphoric 
acid (Glaxo, India) were used. 
Amino acids studied 
Non essential amino acids [36] 
(A) With aliphatic side chain 
L-Alanine 
D-Alanine 
DL-Alanine 
Glycine 
Abbreviation 
L-Ala 
D-Ala 
DL-Ala 
Gly 
(B) With side chains containing acidic groups 
DL-Aspartic Acid 
L-Glutamic Acid 
D-Glutamic Acid 
DL-Asp 
L-Glu 
D-Glu 
(C) With side chains containing sulfur atoms 
L-Cysteine 
(D) With imino group 
L-Proline 
L-Cys 
L-Pro 
(E) With side chains containing hydroxyl 
L-Serine 
L-T\rosine 
ic (OH) group 
L-Ser 
L-Tyr 
(F) With side chains containing basic groups 
L-Arginine L-Arg 
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Test solutions 
All the test solutions (1%) of amino acids were prepared in 
demineralized double distilled water. 
Detector 
0.3% Ninhydrin solution in acetone was used to detect all the amino 
acids. 
Stationary phase 
Code 
s, 
S2 
S3 
S4 
S5 
S6 
S7 
Stationary phase 
Silica gel 'G' 
Silica gel impregnated with SDS (0.01 M) 
Silica gel impregnated with SDS (0.001 M) 
Silica gel impregnated with SDS (0.0001 M) 
Silica gel impregnated with CPC (0.00003 M) 
Silica gel impregnated with CTAB (0.0001 M) 
Silica gel impregnated with TX-lOO (0.0001 M) 
Mobile phase 
Following borate-phosphate buffer systems prepared from various 
combinations of boric acid (0.04 M), phosphoric acid (0.04 M) and 
NaOH (0.24 M) were used as mobile phase. The composition of buffer is 
same as discussed in chapter 2. 
Code 
M, 
M2 
M3 
Mobile phase 
Borate-phosphate buffer (pH 2.30) 
Borate-phosphate buffer (pH 5.38) 
Borate-phosphate buffer (pH 9.04) 
Preparation of TLCplates 
(a) Plain silica gel thin layer plates 
The plates were prepared by mixing silica gel into water as 
described in chapter 2. 
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(b) Impregnated TLC plates 
The activated silica gel plates were impregnated with desired 
concentrations, given in parenthesis of SDS (0.01 M, 0.001 M and 
0.0001 M), CPC (0.00003 M), CTAB (0.0001 M) and TX-lOO (0.0001 
M) as described in chapter 2. 
Procedure 
As described in chapter 2. 
Separation 
For the mutual separation, equal volumes (1.0 mL each) of L-Arg, 
L-Ser and L-Tyr were mixed and 1.0 \xL of the resultant mixture was 
loaded on the TLC plates (S3). The plates were developed with mobile 
phase Ml, the spots were detected and the Rp values of the separated 
amino acids were determined. 
Interference 
Investigating the effect of amines on the mobility of amino acids 
is an important aspect as all amino acids contain amino group (-NH2) 
except L-Pro which bears an imino group (-NH). For investigating the 
interference of amines on separation of L-Arg from L-Ser and L-Tyr, an 
aliquot (1.0 ^L) of foreign substance was spotted along with the mixture 
(l.O jiL) of L-Arg, L-Ser, and L-Tyr. The chromatography was 
performed on S3 as described above with M]. The spots were detected 
and the Rp values of amino acids were determined. 
Microgram separation of L-Arg from L-Ser or L-Tyr and vice versa 
For this study, TLC plate (S3) was first spotted with 10 JLIL of the 
L-Arg (10 |ig) solution and then with 10 i^L from a series of standard 
solutions of L-Ser or L-Tyr containing 0.1-3.0 mg per 10 f.iL onto the 
same TLC plate. Simultaneously another TLC plate was first spotted 
with 10 |iL of L-Ser or L-Tyr (10 jig) solution and then with 10 ^L of 
the standard solutions containing 0.1-1.8 mg L-Arg per 10 fiL onto the 
same TLC plate. The spots were completely dried and the plates were 
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developed with Mi and the separated spots were visualized. The RL and 
RT values were calculated for both the amino acids. 
Effect of sample pH 
For this study, mixtures of L-Arg, L-Ser and L-Tyr were adjusted 
to different pH values (1.4, 3.8, 9.0 and 11.4) by adding drops of HCl or 
NaOH solution. The resultant samples were chromatographed on S3 
using Ml as mobile phase and the Rp values of resolved spots were 
calculated. 
3.3 RESULTS AND DISCUSSION 
The results of the present study have been summarized in Tables 
3.1-3.4 and Figures 3.1-3.2. 
The results presented in Table 3.1 indicate that the mobility of 
twelve non essential amino acids on plain silica gel layer is influenced 
marginally by the pH of borate-phosphate buffer systems used as mobile 
phases. The Rp values of all amino acids fluctuate between 0.81 to 0.99 
over the entire pH range (2.30-9.04) of mobile phase except that of L-
Arg for which Rp value increases slightly with the increase in pH value 
of mobile phase. 
In view of better spot compactness, mobile phase of pH 2.30 was 
selected for further studies to find out improved separation possibilities 
of L-Arg from other amino acids. 
Results listed in Table 3.2 deal with the use of silica stationary 
phases impregnated with SDS at three different concentration levels [i.e. 
above critical micelle concentration, CMC (S2), near CMC (S3) and 
below CMC (S4)] for the chromatography of amino acids. The CMC 
value of SDS in pure water is 0.0081 M. These concentration levels of 
SDS were selected for impregnation, for the reasons that below CMC 
(0.0001 M SDS), SDS behaves as an electrolyte whereas above CMC 
(0.01 M SDS) it forms micelles and behaves entirely in different way as 
compared to its behaviour below CMC. Furthermore, near CMC (0.001 
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M SDS) SDS provides more polar environment compared to the aqueous 
system containing 0.0001 M SDS. The increase in polarity of aqueous 
media by the increase in surfactant concentration has been the most 
fascinating feature of surfactant-mediated mobile phase systems in liquid 
chromatography. It has been reported [37] that an increase in surfactant 
concentration in the mobile phase leads to the increase in adsorbed 
amount of surfactant monomers on the stationary phase, which usually 
causes a change in selectivity. Our results of Table 3.2 demonstrate that 
variation of SDS concentration from 0.0001 M to 0.01 M in the 
stationary phase does not bring about a significant change in the 
selectivity of silica phase and all amino acids except L-Arg travel with 
the solvent front over the entire surfactant concentration range. 
However, an improved separation of L-Arg (Rp = 0.45) is emerged out 
on S3 (0.001 M SDS) treated silica layer. 
To examine the effect of nature of surfactant used as impregnant, 
cationic (CPC and CTAB) and nonionic (TX-lOO) surfactants were 
introduced in silica stationary phase by impregnating silica gel with aqueous 
surfactant solutions having concentration near their CMC value. The 
chromatography of amino acids on resultant impregnated phases (S5-S7) was 
performed using borate-phosphate buffer pH 2.30 as mobile phase. 
The results presented in Table 3.3 further demonstrate that the best 
separation of L-Arg from all other non essential amino acids is possible on S3 
layer compared to plain silica gel layer (S]) and silica gel layers impregnated 
with CPC (S5), CTAB (85) or TX-lOO (S7). Thus, anionic surfactant 
impregnated silica layer is most favorable for specific separation of L-Arg. 
To widen the applicability of developed TLC system (Mi-S^) the 
separation of L-Arg from L-Ser and L-Tyr was examined in the presence ot 
trioctylamine, tri-n-butylamine. tert-butylamine, diphenylamine, m- and p-
phenylenediamine as impurities. From the results listed in Table 3.4, it is clear 
that Rp value of L-Arg increases slightly from 0.45 to 0.48 in the presence of 
trioctylamine and tert-butylamine. However, a reversed trend i.e. a slight 
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reduction in Rp value of L-Arg in the presence of tri-n-butylamine, m- and p-
phenylenediamine was noticed. In the presence of diphenylamine, L-Arg could 
not be detected. Thus, separation of L-Arg from L-Ser or L-Tyr can be achieved 
in all cases except diphenylamine. L-Ser and L-Tyr comigrate in the presence of 
all amines. 
It is also evident from the results summarized in Figure 3.1 that 
regardless of the sample pH value, L-Arg can be selectively separated from L-
Ser and L-Tyr over the entire pH range (pH 1.4-11.4). 
The results depicted in Figure 3.2 more clearly reveal that: 
(a) Compared to unimpregnated silica layer, better separation of L-Arg from 
L-Ser and L-Tyr is obtained on SDS (0.001 M) impregnated silica layer 
at all pH values of the mobile phase (i.e. buffers, pH 2.30, 5.38 and 
9.04). 
(b) As regards to the pH of mobile phase, better separation of L-Arg is 
achieved at pH 2.30 irrespective of the nature of silica layer 
(unimpregnated or SDS impregnated). 
(c) The best separation of L-Arg is at pH 2.30 on SDS impregnated silica 
layer. 
(d) Mutual separation of L-Ser and L-Tyr is not possible. 
In addition to qualitative separation, separation of microgram quantity of 
one amino acid from large quantity of other amino acids is often required. 
During the present study, it was observed that 10 |ig of L-Arg can be easily 
separated from 3.0 mg of L-Ser. Similarly, 10 |ig of L-Ser can be separated 
from 1.8 ing of L-Arg. Thus, milligram quantities of one amino acid can be 
successfully separated from microgram amounts of other amir^p .acids usipg the 
proposed FLC system. *^ * 
3.4 CONCLUSION „ •'-^* 
A new TLC system comprising of silica layer impregnated with (0.001 M) 
SDS as stationary phase and borate-phosphate buffer pH 2.30 as mobile phase 
was identified for specific separation of L-Arg from L-Ser and L-Tyr. 
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Table 3.1: Effect of pH of mobile phase on Rp value of non essential amino acids 
determined on plain (or unimpregnated) silica layer 
Non essential 
amino acid 
L-Ala 
D-Ala 
DL-Ala 
DL-Asp 
L-Cys 
L-Glu 
D-Glu 
Gly 
L-Pro 
L-Ser 
L-Tyr 
L-Arg 
RF value 
pH of mobile phase 
2.30 (M,) 5.38 (M2) 9.04 (M3) 
0.91 
0.99 
0.94 
0.96 
0.94 
0.97 
0.99 
0.97 
0.84 
0.93 
0.96 
0.68 
0.95 
0.93 
0.92 
0.98 
0.94 
0.97 
0.94 
0.88 
0.81 
0.95 
0.95 
0.70 
0.93 
0.90 T 
0.96 
0.97 
0.94 
0.99 
0.96 
0.95 
0.86 
0.98 
0.92 
0.80 
(T = Tailed spot; RL - RT > 0.3) 
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Table 3.2: Effect of SDS concentration level in the silica gel layer on Rp value of 
non essential amino acids determined using borate-phosphate bufTer, pH 2.30 
(MI) as mobile phase 
Non essential 
amino acid 
L-Ala 
D-Ala 
DL-Ala 
DL-Asp 
L-Cys 
L-Glu 
D-Glu 
Gly 
L-Pro 
L-Ser 
L-Tyr 
L-Arg 
RF value* 
Concentration of SDS in silica stationary phase 
0.01 M (S2) 0.001 M (S3) 0.0001 M (S4) 
0.97 
0.95 
0.92 
0.98 
0.95 
0.94 
0.98 
0.96 
0.80 
0.95 
0.98 
0.50 
0.95 
0.96 
0.90 
0.99 
0.92 
0.95 
0.99 
0.94 
0.79 
0.97 
0.94 
0.45 
0.94 
0.94 
0.97 
0.95 
0.96 
0.99 
0.99 
0.96 
0.87 
0.95 
0.95 
0.52 
(T - Tailed spot; RL - RT > 0.3) 
*The values obtained on silica layer impregnated with 0.0081 M SDS (i.e. SDS 
concentration at CMC) was the same as obtained on S3 
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Table 3.3: RF value of non essential amino acids on different stationary phase 
using Ml (buffer pH 2.30) as mobile phase 
Non essential 
amino acid 
L-Ala 
D-Ala 
DL-Ala 
DL-Asp 
L-Cys 
L-Glu 
D-Glu 
Gly 
L-Pro 
L-Ser 
L-Tyr 
L-Arg 
s, 
0.91 
0.99 
0.94 
0.96 
0.94 
0.97 
0.99 
0.97 
0.84 
0.93 
0.96 
0.68 
Stationary phase^ 
S3 
0.95 
0.96 
0.75 
0.99 
0.92 
0.95 
0.99 
0.94 
0.79 
0.95 
0.94 
0.45 
Ss 
0.94 
0.97 
0.89 
0.96 
0.93 
0.95 
0.98 
0.90 
0.80 
0.95 
0.90 
0.61 
S6 
0.93 
0.96 
0.80 
0.96 
0.93 
0.90 
0.98 
0.91 
0.73 
0.95 
0.91 
0.62 
S7 
0.97 
0.86 
0.81 
0.99 
0.94 
0.96 
0.98 
0.92 
0.77 
0.98 
0.92 
0.60 
(T = Tailed spot; RL - Rj > 0.3) 
S^i = Silica stationary phase, S3 = SDS (0.001 M) impregnated silica layer, S5 = CPC 
(0.00003 M) impregnated silica layer, Se = CTAB (0.0001 M) impregnated silica layer 
and S7 = TX-lOO (0.0001 M) impregnated silica layer 
Table 3.4: Separation of L-Arg from L-Ser or L-Tyr in the presence of amines as 
impurities on SDS (0.001 M) impregnated silica phase (S3) using Mj (pH 2.30) as 
mobile phase 
Impurities 
Tri-n-bul^iamine 
Tert-biitylamine 
Diphenyiamine 
m-Phenyicnediamine 
p-Phenylenediamine 
RF value 
L-Arg 
0.39 
0.48 
ND 
0.40 
0.40 
L-Ser or L-Try 
0.88 
0.93 
0.88 
0.94 
0.93 
• n 
J 
_^ 
ND: Not detected 
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1 • 
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Q) 0.6 • 
5 0.4 • 
^ 0.2 • 
0 • 
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-*- L-Arg - • - L-Ser / L-Tyr 
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» • 
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PH 
• 
• 
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Figure 3.1; Effect of sample pH on the separation of L-Arg from L-Ser or L-Tyr 
with M1-S3 TLC system 
1.2 
0 L-Arg on Si stationary phase. 
M L-Arg on S3 stationary phase. 
^ L-Ser on Si stationary phase. 
0 L-Ser on S3 stationary phase. 
M L-Tyr on S1 stationary phase. 
SI L-Tyr on S3 stationary phase. 
pH2.30 K pH 5.38 pH 9.04 
0.8 
01 
5 0.6 
0,4 
0,2 
* 
'^4 \m 
j^ 
mm 
mm 
ii 
mm 
% 
f^ 
mm 
m 
m 
mm 
• I mm 
.,,.1, , 
Amino acids 
Figure 3.2: Separation efficiencies of unimpregnated and SDS (0.001 M) 
impregnated silica layers for the resolution of L-Arg, L-Ser, and L-Tyr at 
different pH values of mobile phase 
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CHAPTER-A 
THIN LAYER CHROMAWERAPHICANALYSIS DFAMINO ACIDS 
ON HIGH PERFDRMANCE SILICA TLE PLATES WITH BUFFERED 
ADUEDUS FLUENTS: SEPARATION DFDL-PHENYLALANINE 
FROM L-TYRDSINE 
Cfiapter-4 
4.1 INTRODUCTION 
Because of important applications of amino acids in biochemical 
research, microbiology, nutrition, pharmaceuticals and fortification of 
food and feeds, a number of thin layer chromatographic systems have 
been proposed for their identification and quantitative analysis. The 
extensive survey of literature of last twenty years on thin layer 
chromatography (TLC) of amino acids reveals that most of the studies 
performed so far include the use of eluents belonging to the following 
main groups [1-21]: 
1. Organic solvents (urea, carboxylic acids, alcohols, ketones, 
dimethyl sulfoxide, ethyl acetate, heptane, chloroform, pyridine, 
benzene, toluene, xylene, carbon tetrachloride, methylene 
dichloride, chloroform and their mixture). 
2. Inorganic solvents (aqueous solutions of Li, Na, K, Rb and Cs 
salts). 
3. Mixed aqueous-organic solvents (alcohols, ketones, acetonitrile, 
chloroform, pyridine mixed with water, acetate buffer and 
carboxylic or mineral acids). 
4. Chiral solvents (a or p cyclodextrin and ethyl(s) - (+) - lactate). 
5. Surfactant mediated solvents (aqueous solutions of bis (2-ethyl 
hexyl) sodium sulfosuccinate, sodium dodecyl sulphate and N-
cetyl N,N,N-trimethyl ammonium bromide microemulsions). 
Of the above eluents, mixed aqueous-organic solvent systems [12-
17] have been found to be the most useful for separation of amino acids. 
However, the toxic nature of most of the organic solvents imposes a 
restriction on their frequent use. Surprisingly few studies with inorganic 
solvent systems have been reported inspite of the fact that inorganic 
solvent systems are more environmental friendly. Sentier et al [6] have 
utilized the analytical potential of aqueous sodium sulphate mobile phase 
in combination with cellulose layers for simultaneous determination of 
some physiological aromatic amino acids (e.g. phenylalanine, tryptophan 
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and tyrosine). An interesting study with aqueous solution of Li, Na, K, 
Rb and Cs chlorides as mobile phase have been performed by Cserhati 
and Illes [7] who have examined the reversed-phase retention behaviour 
of fourteen dansylated amino acids. Acidified ammonium nitrate solution 
has also been used for the analysis of amino acids [22]. Contrary to the 
restricted use of aqueous inorganic salt solutions as mobile phase, 
significant work has been reported [23, 24] on the use of inorganic 
anions, transition metal cations and alkaline earth metal hydroxides as 
impregnants of layer materials for achieving improved resolution of 
amino acids. The enhanced separation performance of impregnated 
layers has been attributed to certain processes such as ion pairing, 
complexation or ion exchange that may influence the interactions 
between the layer material and the amino acid molecules. 
Taking into consideration all the above facts, we decided to use 
buffered zinc sulphate solution (pH 2.3) as mobile phase for the analysis 
of amino acids on silica gel 6OF254 HPTLC plates. As far as we are 
aware, buffered zinc sulphate solution has not been used either as 
impregnant or as mobile phase for the analysis of amino acids. The 
present communication reports our results of TLC analysis of amino acid 
on HPTLC silica plates using buffered zinc sulphate solution (pH 2.3) as 
mobile phase. The proposed TLC system is capable to resolve a mixture 
of aromatic amino acids specially phenylalanine from tyrosine. 
4.2 E X P E R I M E N T A L 
Chemicals and reagents 
Silica gel 6OF254 HPTLC plates 1.05583 (Merck. Germany): boric 
acid, sodium hydroxide, ninhydrin, methanol, zinc sulphate, urea. 
thiourea and ethylenediaminetetraacetic acid (EDTA) (Merck, India); 
diphenylamine (BDH, India); amino acids and copper sulphate (CDH, 
India); m- and p-phenylenediamine (LOBA Chemie, India); tri-n-
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butylamine, tert-butylamine and p-cyclodextrin (S.D. Fine Chemicals 
Ltd., India); and phosphoric acid (Glaxo, India) were used. 
Amino acids studied 
Amino acid 
Glycine 
L-Proline 
L-Histidine 
L-Glutamic acid 
L-Lysine 
L-Tyrosine 
L-Cystine 
L-Cysteine 
L-Serine 
L-Leucine 
L-Arginine ^ 
L-Omithine 
L-Alanine 
L-Aspartic acid 
Abbreviation 
Gly 
L-Pro 
L-His 
L-Glu 
L-Lys 
L-Tyr 
L-Cys-Cys 
L-Cys 
L-Ser 
L-Leu 
L-Arg 
L-Om 
L-Ala 
L-Asp 
Amino acid 
DL-Alanine 
DL-Valine 
DL-Phenylalanine 
DL-Serine 
DL-Isoleucine 
DL-Norisoleucine 
DL-Tryptophan 
DL-2Amino~butyric acid 
DL-Methionine 
DL-Threonine 
D-Glutamic acid 
D-Leucine 
D-Alanine 
Abbreviation 
DL-Ala 
DL-Val 
DL-Phe 
DL-Ser 
DL-Ile 
DL-NIl 
DL-Trp 
DL-But 
DL-Met 
DL-Thr 
D-Glu 
D-Leu 
D-Ala 
Test solutions 
All the test solutions (0.5%) of amino acids were prepared in 
demineralized double distilled water. 0.3% Ninhydrin solution in acetone was 
used to detect all the amino acids. 
Stationary pitase 
Silica gel 6OF254HPTLC plates 
86 
Cfiiipter-4 
Mobile phase 
Mobile phases used are listed below: 
Code Mobile phase 
M, Borate-phosphate buffer pH 2.3 
M, Double distilled water 
M. Borate-phosphate buffer pH 10.4 
M4 |3-cyclodextrin (1.0 g) dissolved in 100 mL borate-phosphate buffer 
pH2.3 
Ms EDTA (1.0 g) dissolved in 100 mL borate-phosphate buffer pH 2.3 
M, P-cyclodextrin (1.0 g) and EDTA(1.0 g) dissolved in 100 mL borate-
phosphate buffer pH 2.3 
M7 Urea (5.0 g) dissolved in 100 mL borate-phosphate buffer pH 2.3 
M« Urea (20.0 g) dissolved in 100 mL borate-phosphate buffer pH 2.3 
Mq Thiourea (5.0 g) dissolved in 100 mL borate-phosphate buffer pH 
2.3 
M 10 ZnS04 (1.0 g) dissolved in 100 mL borate-phosphate buffer pH 2.3 
M 11 ZnS04 (5.0 g) dissolved in 100 mL borate-phosphate buffer pH 2.3 
M 12 ZnS04 (10.0 g) dissolved in 100 mL borate-phosphate buffer pH 2.3 
M 13 ZnS04 (20.0 g) dissolved in 100 mL borate-phosphate buffer pH 2.3 
M 14 CUSO4 (5.0 g) dissolved in 100 mL borate-phosphate buffer pH 2.3 
Procedure 
Precoated silica plates were activated at 50 ± 1°C for 30 minutes 
in an electrically controlled oven. After activation, the plates were 
cooled at room temperature and stored in a closed chamber at room 
temperature before use. 
Lest solutions (0.015 \xL) were applied by means of micropipets 
(Tripette, Germany) approximately 1.0 cm above the lower edge of the 
plates. The spots were completely dried and the plates were developed 
by one dimensional ascending technique in a rectangular twin trough 
chamber with stainless steel lid (Desaga, Germany) previously saturated 
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with mobile phase vapour by equilibration for approximately (10-15 
minutes). The development distance was fixed to 5.0 cm from the origin 
in all cases. After development, the plates were dried in oven at 50°C and the 
amino acids were visualized as coloured spots by application of ninhydrin 
solution (0.3% in acetone). 
Separation 
The test solution (0.015 ^iL) containing amino acids to be 
separated were spotted with the aid of micropipet (Tripette, Germany) on 
HPTLC plates and the chromatography was performed using various 
mobile phases. The resolved spots for these amino acids were observed 
on HPTLC plates after spraying ninhydrin (0.3%) solution and Rp values 
of the separated amino acids were determined using following formula. 
Rp = 0 .5(RL + RT) 
Values were calculated from the values of RL (RF of the leading front) 
and Rj (RF of the trailing front) maintaining the ascent of mobile phase 
to 5.0 cm from the point of sample application. 
Interference 
For investigating the interference of inorganic anions, amines and 
metal cations on the separation of DL-Phe and L-Tyr, an aliquot (0.015 
jiL) of impurity solution was spotted on HPTLC plate at the starting line. 
After complete drying of spot, an aliquot (0.015 ^iL) of the mixture of 
DL-Phe and L-Tyr was spotted on the same spot. The spot was redried 
and the chromatography was performed using M]3 mobile phase. The 
resolved spots were detected and Rp values of separated amino acids 
were determined. 
Limit of detection 
The detection limits of DL-Phe and L-Tyr were determined by 
spotting different amounts of DL-Phe and L-Tyr on the HPTLC plates 
and the chromatography was performed using M13 mobile phase. The 
plates were detected as described above. The method was repeated with 
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successive lowering of the amount of amino acids. The lowest amount that 
could be detected was taken as the limit of detection. 
Chromatographic parameters 
For checking the stability of the sample mixture (DL-Phe plus L-
Tyr) and the reproducibility of their Rp values, equal volumes of 0.5% 
solutions of L-Tyr and DL-Phe were mixed and 0.015 |iL of the resultant 
mixture was loaded on HPTLC plates and the plates were developed with 
mobile phase M13. The plates were dried at 50**C and spots were detected 
by ninhydrin solution. The same process was repeated at the interval of 
24 hour for five days. The chromatographic parameters such as ARp (Rp 
value of L-Tyr minus Rp value of DL-Phe), a (separation factor) and Rs 
(resolution) were determined. 
4.3 RESULTS AND DISCUSSION 
The results of the present study have been summarized in Tables 
4.1-4.8 and Figures 4.1-4.3. 
The results presented in Table 4.1 indicate that the mobility of all 
amino acids on silica gel 6OF254 HPTLC plates is not influenced to a 
greater extent by the change in pH (acidic, basic and neutral) of the 
mobile phase. All amino acids except L-His, L-Lys, L-Arg and L-Orn 
show higher mobility irrespective of the pH of the mobile phase (Mi or 
M3). In the double distilled water (M2) all amino acids travel with the 
solvent front except L-His, L-Lys, L-Arg and L-Orn "which stay near the 
point of application. With M2 as developer silica layer is slightly 
disintegrated at the lower end of the plates and hence the development 
time was more in the case of double distilled water (M2) than borate 
buffer. The borate buffer of pH 2.3 was selected as mobile phase for 
further studies in view of the appearance of more intense coloured spots 
due to improved compactness. 
Results listed in Table 4.2 deal with the effect of added 
p-cyclodextrin (P-CD), EDTA or p-CD plus EDTA into borate buffer 
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(pH 2.3) on the mobility of amino acids. It is evident from Table 4.2 that 
the individual or combined effects of the added chiral organic compound 
(p-CD) and chelating agent (EDTA) in mobile phase (buffer pH 2.3) do 
not bring about a significant change in mobility pattern of amino acids. 
L-His, L-Lys, L-Arg and L-Orn show much lower Rp values in mobile 
phase containing P-CD (M4) in comparison to mobile phase containing 
EDTA (M5) or EDTA plus P-CD (M^). 
It is interesting to note that four amino acids namely, L-His, L-
Lys, L-Arg and L-Orn have almost the same Rp values in Mi (borate 
buffer, pH 2.3) and M4 (borate buffer, pH 2.3 plus P-CD). However, Rp 
values of these amino acids become almost double in the presence of 
EDTA (mobile phases, M5 and Mg). Thus, a chelating agent e.g. EDTA is 
more effective in promoting the mobility of these amino acids in normal-
phase TLC compared to p-CD. P-CD and EDTA were used in view of 
their unique separation capabilities in resolving enantiomers [25-27] and 
inorganics [28, 29] respectively. 
TLC of amino acids was also performed using Mi with added 
organic nonelectrolytes (urea and thiourea) as mobile phase to study the 
effect of organic molecular compounds on the mobility of amino acids. 
The data obtained with the resultant mobile phases (M7-M9) are 
presented in Table 4.3. The results listed in Table 4.3 clearly 
demonstrate that the variation in the concentration of urea (5-20%) in the 
mobile phase (Mi) had little effect on Rp value of amino acids. Similarly, 
the substitution of urea in M7 by thiourea (mobile phase M9) does not 
bring any change in the mobility of amino acids. 
It has been reported [30] that silica gel impregnated with Cu^ "^  
provides some interesting selectivity in TLC analysis of a variety of 
compounds. Consequently, adsorbents impregnated with metal-ions have 
been specially used in TLC of the compounds, which possess the 
electron-donor groups such as amines, mercaptans, sulphides, 
sulphonamides and amino acids [31-34]. In view of above facts, we 
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performed chromatography of amino acids on electrolytes (ZnS04 or 
CUSO4) impregnated HPTLC plates using borate-phosphate buffer (pH 
2.3) as mobile phase. Our hopes belied as spreaded spots were noticed 
for most of the amino acids and in some cases amino acids could not be 
detected. Hence, this approach of using silica HPTLC plates after 
impregnation with zinc or copper sulphate solution was abandoned and 
an alternative approach of using sulphates of Zn and Cu in the mobile 
phase after dissolving them in borate buffer (pH 2.3) was followed. The 
buffered Zn or Cu sulphate solution produces highly compact and well-
formed spots of amino acids on silica HPTLC plates. Compared to 
CUSO4, brighter and more compact spots for amino acids were realized 
with buffered ZnS04 mobile phase. To ascertain the most favorable 
ZnS04 concentration, mobile phases containing 1-20% ZnS04 (Mio-Mn) 
were used to investigate the mobility trend of amino acids. On the basis 
of results presented in Table 4.4, amino acids can be classified as given 
below: 
(a) Amino acids such as L-His, L-Lys, L-Arg and L-Orn show 
pronounced increase in their mobility with the increase in 
concentration of ZnS04 (1-20%). 
(b) Amino acids such as D/L-Glu, L-Leu, L-Tyr, DL-Val, L-Ala, L-
Asp, DL-Phe and DL-NIl decreases with the increase in the 
concentration level of ZnS04. 
(c) Gly, L-Pro, L-Cys-Cys, L-Cys, L-Sef, D/DL-Ala, DL-Ser, DL-Ile, 
DL-Trp, DL-But, DL-Met, DL-Thr and D-Leu show marginal 
difference in their mobility (or Rp value) pattern over the entire 
concentration range of ZnS04. 
Similarly, higher Rp values of amino acids were also obtained when 
silica HPTLC plates were developed with buffer (pH 2.3) containing 
CUSO4 (5 g/100 ml) i.e. mobile phase M H as compared to the Rp values 
of amino acids with mobile phase Mi (buffer pH 2.3). Higher 
concentration of CUSO4 could not be used because of its coloured nature, 
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which produces a secondary coloured front behind the solvent front. 
Silica gel impregnated with Br~, Cu^^ and Zn^^ as layer material has been 
used by some workers [23, 35-37] for TLC analysis of amino acids using 
mixed organic mobile phase systems consisting of highly toxic (benzene, 
chloroform, pyridine, methanol etc.) organic solvents. Here, we have 
proposed environmental friendly aqueous system as mobile phase (M13) 
in combination of silica gel 6OF254 HPTLC plates for identification of 
several amino acids and mutual separation of structurally closely related 
phenylalanine and tyrosine. The proposed method is better than the 
existing TLC methods for the separation of tyrosine (hydroxy-aromatic 
amino acid) from phenylalanine (nonsubstituted aromatic amino acid) as 
evident from the data presented in Table 4.5. The mutual separation of 
phenylalanine from tyrosine is interesting because of their biochemical 
importance and identical values of isoelectric points. The aromatic R 
groups of these two amino acids are hydrophobic, a property that has 
important consequences for the ordering of water molecules in proteins 
in their immediate vicinity. These amino acids occur primarily in the 
interior of cytosolic proteins. pKi (alpha carboxy group) of Phe (2.6) and 
Tyr (2.2), their pK2 (alpha amino group) values 9.2 and 9.1 and the pi 
values 5.9 and 5.7 respectively are very close and hence the mutual 
separation of these amino acids is not easy. Furthermore, both amino 
acids have same structural features except that tyrosine also contains 
hydroxyl group in its benzene ring. 
H O — / \ CH2 —C—COO- / \ CHa — t — C O O " 
""NHa *NH3 
Tyrosine Phenylalanine 
With Ml3 mobile phase, we get good separation of these two 
aromatic amino acids (Rp (Phe) = 0.58 and Rp (Tyr) = 0.85), Figure 4.1. 
Thus, buffered mobile phase systems with added inorganic 
electrolyte (ZnS04) provides better chromatographic performance in 
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terms of promotion of differential migration of amino acids compared to 
mobile phases with added organic nonelectrolyte (urea or thiourea). 
The separation of constituents depends upon the composition of 
the sample. Therefore, we examined the separation possibilities of Phe 
from Tyr in the presence of added impurities in their mixtures. For these 
purpose amines, inorganic anions and metal cations were taken in the 
sample as impurities and the chromatography was performed on silica 
HPTLC plates with M13. In presence of tert-butylamine, m-
phenylenediamine, Cu and Zn , Tyr shows Rp values that fall in the 
range 0.84-0.89 which are very close to its standard Rp value (Rp = 0.85) 
obtained in the absence of impurities and thus, these impurities have no 
influence on the mobility of Tyr. However, little higher mobility (Rp 
range 0.63-0.70) from its standard value (Rp = 0.58) was observed for 
Phe under the influence of these impurities. Consequently, a poorer 
separation of Phe from Tyr was realized due to enhanced mobility of Phe 
in the presence of these impurities in the sample. Interestingly, other 
amines (tri-n-butylamine, diphenylamine and p-phenylenediamine), 
metal cations (Co^^ and Hg^^) and inorganic anions (CF, NO3, SCN" 
and S04^ ) were found to hamper the separation. These impurities 
converted the compact spots of Phe and Tyr into diffused spots and 
hence the separation of Phe from Tyr is badly effected in their presence. 
Both amino acids (DL-Phe and L-Tyr) down to the concentration 
level of 7.5 xlO~^ fig/ spot can be detected. 
The results summarized in Figure 4.2 shows the salting-in effect 
in the case of amino acids such as L-His, L-Lys, L-Arg and L-Orn where 
the RM [RM "^  log ( 1 / R F ~ 1 ) ] decreases with the increase in the 
concentration of ZnS04 in borate-phosphate buffer pH 2.3 (Mio-Mjs) 
which were used as mobile phase. Conversely, for someother amino 
acids like L-Tyr, DL-Phe, L-Leu, DL-Val, L-Ala, L-Asp, DL-NIl, L and 
D-Glu, a salting-out effect was observed because in such cases RM values 
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increase with the increase in ZnS04 concentration in the mobile phase as 
evident from Figure 4.3. 
In order to present a clearer picture of the separation of coexisting 
DL-Phe and L-Tyr on HPTLC plates using M13 as mobile phase, the 
chromatographic parameters such as ARp (Rp value of L-Tyr minus Rp 
value of DL-Phe), a (separation factor) and Rs (resolution) were 
calculated for the separation of DL-Phe from L-Tyr from their mixture 
sample for five days. The numerical values have been encapsulated in 
Table 4.6. As indicated by reasonably high values of ARp, a and Rs 
(Table 4.6), DL-Phe is well separated from L-Tyr in a sample of their 
mixture for five days. The variation in ARp value was around 11%. 
Application 
Several important separations of amino acids which were achieved 
experimentally on silica gel layers with a variety of mobile phase 
systems have been listed in Tables 4.7 and 4.8. 
4.4 CONCLUSION 
The proposed new HPTLC system comprising of silica gel 6OF254 
HPTLC plates as stationary phase and buffered ZnS04 (20%) solution 
(pH 2.3) as mobile phase is most favorable for mutual separation of DL-
phenylalanine and L-tyrosine. The proposed system eliminates the use of 
highly toxic organic solvents and hence, it is eco-friendly. 
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Table 4.1: Mobility of amino acids on silica gel 6OF254 HPTLC plates using 
different mobile phase 
Amino acids 
Gly 
L-Pro 
L-His 
L-Glu 
L-Lys 
L-Tyr 
L-Cys-Cys 
L-Cys 
L-Ser 
L-Leu 
L-Arg 
L-Om 
L-Ala 
L-Asp 
DL-Ala 
DL-Val 
DL-Phe 
DL-Ser 
DL-IIe 
DL-NII 
DL-Trp 
DL-But 
DL-Met 
DL-Thr 
D-Glu 
D-Leu 
D-Ala 
Mobile phase 
Borate-phosphate 
buffer (pH 2.3) Mi 
0.81 
0.66 
0.20 
0.95 
0.20 
0.93 
0.96 
0.95 
0.96 
0.79 
0.22 
0.21 
0.96 
0.96 
0.96 
0.84 
0.83 
0.97 
0.77 . 
0.94 
0.87 
0.92 
0.81 
0.97 
0.96 
0.78 
0.90 
Double distilled 
water (pH 6.8) M2 
0.78 
0.66 
0.18 
0.90 
0.17 
0.84 
0.92 
0.91 
0.94 
0.85 
0.12 
0.15 
0.91 
0.92 
0.91 
0.90 
0.91 
0.88 
0.79 
0.94 
0.80 
0.88 
0.85 
0.89 
0.92 
0.84 
0.92 
Borate-phosphate 
buffer (pHlO.4) M3 
0.85 
0.83 
0.25 
0.86 
0.29 
0.98 
0.91 
0.98 
0.90 
0.83 
0.29 
0.33 
0.95 
0.96 
0.94 
0.87 
0.89 
0.85 
0.95 
0.95 
0.95 
0.90 
0.95 
0.94 
0.98 
0.97 
0.86 
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Table 4.2: Rp values of amino acids on silica HPTLC plates developed with 
borate<phosphate buffer (pH 2.3) containing P-cyclodextrin (M4), EDTA (M5) and 
p-cyclodextrin plus EDTA (Me) 
Amino acids 
Gly 
L-Pro 
L-His 
L-Glu 
L-Lys 
L-Tyr 
L-Cys-Cys 
L-Cys 
L-Ser 
L-Leu 
L-Arg 
L-Om 
L-Ala 
L-Asp 
DL-Ala 
DL-Val 
DL-Phe 
DL-Ser 
DL-Ile 
DL-NIl 
DL-Trp 
DL-But 
DL-Met 
DL-Thr 
D-Glu 
D-Leu 
D-Ala 
Mobile phase 
M4 
0.86 
0.69 
0.21 (0.20) 
0.94 
0.22 (0.20) 
0.92 
0.89 
0.86 
0.90 
0.77 
0.19(0.22) 
0.23 (0.21) 
0.88 
0.95 
0.86 
0.80 
0.80 
0.92 
0.72 
0.79 
0.81 
0.78 
0.76 
0.89 
0.95 
0.81 
0.90 
Ms 
0.93 
0.82 
0.47 
0.88 
0.49 
0.95 
0.93 
0.78 
0.88 
0.80 
0.50 
0.54 
0.92 
0.95 
0.90 
0.84 
0.83 
0.93 
0.79 
0.81 
0.83 
0.81 
0.84 
0.89 
0.93 
0.81 
0.89 
M6 
0.95 
0.72 
0.50 
0.94 
0.45 
0.95 
0.90 
0.90 
0.92 
0.80 
0.45 
0.47 
0.91 
0.92 
0.92 
0.85 
0.85 
0.96 
0.79 
0.90 
0.89 
0.88 
0.84 
0.92 
0.94 
0.82 
0.93 
The data in bracket are Rp values obtained with Mi. 
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Table 4.3: Effect of concentrations of urea and thiourea on the mobility of amino 
acids 
Amino acids 
Gly 
L-Pro 
L-His 
L-Glu 
L-Lys 
L-Tyr 
L-Cys-Cys 
L-Cys 
L-Ser 
L-Leu 
L-Arg 
L-Om 
L-Ala 
L-Asp 
DL-Ala 
DL-Val 
DL-Phe 
DL-Ser 
DL-Ile 
DL-NIl 
DL-Trp 
DL-But 
DL-Met 
DL-Thr 
D-Glu 
D-Leu 
D-Ala 
Mobile phase 
M7 
0.91 
0.77 
0.26 
0.95 
0.25 
0.94 
0.92 
0.90 
0.93 
0.87 
0.24 
0.28 
0.94 
0.97 
0.95 
0.91 
0.83 
0.95 
0.83 
0.84 
0.91 
0.93 
0.90 
0.95 
0.94 
0.85 
0.94 
Ms 
0.91 
0.79 
0.32 
0.96 
0.26 
0.95 
0.92 
0.92 
0.95 
0.82 
0.25 
0.26 
0.93 
0.96 
0.95 
0.86 
0.83 
0.94 
0.84 
0.82 
0.89 
0.92 
0.87 
0.95 
0.95 
0.83 
0.94 
M9 
0.88 
0.79 
0.30 
0.95 
0.22 
0.94 
0.92 
0.88 
0.94 
0.79 
0.24 
0.27 
0.91 
0.96 
0.98 
0.88 
0.86 
0.94 
0.86 
0.81 
0.87 
0.87 
0.83 
0.95 
0.93 
0.80 
0.87 
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Table 4.4: Effect on the RF value of amino acids chromatographed on silica 
HPTLC plate and developed with different concentrations of ZnS04 added in 
borate-phosphate buffer (pH 2.3) 
Amino acids 
Gly 
L-Pro 
L-His 
L-Glu 
L-Lys 
L-Tyr 
L-Cys-Cys 
L-Cys 
L-Ser 
L-Leu 
L-Arg 
L-Om 
L-Ala 
L-Asp 
DL-Ala 
DL-Val 
DL-Phe 
DL-Ser 
DL-Ile 
DL-NIl 
DL-Trp 
DL-But 
DL-Met 
DL-Thr 
D-Glu 
D-Leu 
D-Ala 
Mobile phase 
M, 
0.81 
0.66 
0.20 
0.95 
0.20 
0.93 
0.96 
0.95 
0.96 
0.79 
0.22 
0.21 
0.96 
0.96 
0.96 
0.84 
0.83 
0.97 
0.77 
0.94 
0.87 
0.92 
0.81 
0.97 
0.96 
0.78 
0.90 
M,o 
0.89 
0.74 
0.49 
0.95 
0.50 
0.92 
0.92 
0.89 
0.93 
0.78 
0.48 
0.50 
0.93 
0.95 
0.88 
0.84 
0.78 
0.93 
0.77 
0.75 
0.83 
0.86 
0.82 
0.91 
0.95 
0.77 
0.92 
M„ (M,4)* 
0.92 (0.87) 
0.75 (0.73) 
0.58 (0.73) 
0.94 (0.94) 
0.81 (0.84) 
0.92 (0.91) 
0.89 (0.90) 
0.88 (0.93) 
0.90 (0.95) 
0.76 (0.77) 
0.81 (0.79) 
0.85 (0.88) 
0.92 (0.88) 
0.95 (0.96) 
0.90 (0.93) 
0.81 (0.80) 
0.78 (0.76) 
0.95 (0.95) 
0.76 (0.78) 
0.70 (0.76) 
0.74 (0.82) 
0.83 (0.84) 
0.86 (0.85) 
0.93 (0.90) 
0.94 (0.88) 
0.72 (0.80) 
0.93 (0.88) 
M,2 
0.91 
0.70 
0.59 
0.89 
0.86 
0.89 
0.83 
0.84 
0.91 
0.72 
0.81 
0.89 
0.87 
0.89 
0.85 
0.77 
0.72 
0.92 
0.82 
0.70 
0.80 
0.84 
0.81 
0.92 
0.91 
0.75 
0.93 
Mu 
0.90 
0.74 
0.78 
0.88 
0.89 
0.85 
0.88 
0.90 
0.94 
0.69 
0.87 
0.91 
0.87 
0.89 
0.89 
0.76 
0.58 
0.88 
0.65 
0.62 
0.78 
0.86 
0.81 
0.93 
0.88 
0.72 
0.95 
*RF values in bracket refer to the values obtained on HPTLC plates developed with MM 
(CUSO4 added borate-phosphate buffer, pH 2.3). 
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Table 4.5: TLC systems developed for separation of tyrosine from phenylalanine 
Stationary 
phase 
Silica gel 
impregnated 
with CUSO4 
Silica gel 
impregnated 
with 0.5% Zn^^ 
Silica gel 
impregnated 
with 0.2% Zn^^ 
Silica gel 
impregnated 
with Br^ 
Silica gel 6OF254 
HPTLC 
Mobile phase 
methanol + butyl 
acetate + acetic 
acid + pyridine 
(4:4:2:1) 
butyl acetate + 
methanol + acetic 
acid + pyridine 
(4:4:1:1) 
chloroform + 
ethyl acetate 
(29:3) 
n-butanol + acetic 
acid + chloroform 
(3:1:1) 
borate-phosphate 
buffer (pH 2.3) + 
ZnS04 
Separation (Rp value) 
Tyrosine 
0.61 
0.60 
0.83 
0.30 
0.85 
Phenylalanine 
0.65 
0.67 
0.66 
0.37 
0.58 
ARF* 
value 
0.05 
0.07 
0.17 
0.07 
0.27 
Ref 
23 
35 
36 
37 
Our 
work 
ARF* - RF of tyrosine - Rp of phenylalanine (higher the value of ARF, better is the 
separation and resolution of spots). 
99 
Cficipter-4 
Table 4.6: ARF, a and Rs values for the separation of DL-Phe from L-Tyr on 
precoated silica HPTLC plates using M13 as mobile phase 
Number of days 
1 
2 
3 
4 
5 
Separation parameters 
ARF 
0.27 
0.30 
0.27 
0.29 
0.29 
a 
4.10 
5.05 
4.46 
4.60 
5.09 
Rs 
2.08 
2.50 
1.80 
2.23 
2.23 
Notethat ARF = Rp value of L-Tyr minus Rp value of DL-Phe, a = Separation factor, 
^ (Ptie) - . u i ^ ' ^F(Phe) 
a = —^^ —'- with K (Phe) -K (Tyr) R F(Phe) 
and K (lyr) == 
1 - R F(Tyr) 
R. 
, Rs = Resolution, Rs 
l.AR< 
-, d(Tyr) and d(Phe) 
^F(Tyr) " • - ' ( " ( T y r ) + '^(Phe)) 
are the diameters of the two spots (L-Tyr and DL-Phe), 1 is the migration length of the 
mobile phase from the point of sample application. 
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Table 4.7: Separations of amino acids achieved from their three-component 
mixtures obtained on silica gel 6OF254 'HPTLC plates developed with different 
mobile phases 
Mobile 
phase 
Ml 
M2 
M4 
M7, 
Mg, M9 
-
Amino acids with 
low RF (0.10-0.40) 
L-His (0.20), L-Lys 
(0.20), L-Arg (0.22), 
L-Om(0.21) 
L-His (0.17), L-Lys 
(0.17), L-Arg (0.12), 
L-Om(0.15) 
L-His (0.21), L-Lys 
(0.23), L-Arg (0.20), 
L-Om(0.21) 
L-His (0.29), L-Lys 
(0.24), L-Arg (0.25), 
L-Om (0.27) 
Amino acids with 
medium Rp (0.60-
0.79) 
L-Pro (0.70), L/D-
Leu (0.70), DL-Val 
(0.79), DL-Ile 
(0.74) 
Gly (0.77), L-Pro 
(0.68) 
L-Pro (0.69), 
L-Leu (0.77), 
DL-Ile (0.72), 
DL-Met (0.75) 
L-Pro (0.78) 
Amino acids with high Rp 
(0.85-0.99) 
L/D-Glu (0.93) L/DL-Ser 
(0.90) L/D/DL-Ala (0.89), 
DL-Asp (0.95), L-Cys-Cys 
(0.95) 
L/D-Glu (0.90) L/DL-Ser 
(0.95) L/D/DL-Ala (0.92), L-
Asp (0.93), L-Cys-Cys (0.92). 
DL-Val (0.91), L-Cys (0.91). 
DL-Phe (0.92), DL-NIl (0.94) 
L/D-Glu (0.95) L/DL-Ser 
(0.92) L/D/DL-Ala (0.90), L-
Asp (0.96), L-Cys-Cys (0.90). 
L-Tyr(0.91). 
Gly (0.90), D/L-Glu (0.95). 
L-Tyr (0.95), L-Cys-Cys 
(0.92), L-Cys (0.90), DL/L-
Ser (0.95), D/DL/L-Ala 
(0.97), L-Asp (0.97), DL- But 
(0.92), DL-Thr (0.96), DL-
Val (0.90), DL-Trp (0.90) 
RF values of amino acids in their mixtures are slightly changed from their individual 
Rp values because of mutual interactions. 
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Table 4.8: Separations of amino acids obtained on silica gel 6OF254 HPTLC plates 
using buffered ZnS04 solution as mobile phase (M13) 
Amino acids with 
RF 0.58 - 0.65 
DL-Phe (0.58) 
DL-Ile (0.65), DL-
NIl (0.62) 
Amino acids with Rp 0.85 - 0.95 
Gly (0.90), D/L-Glu (0.88), L-Lys (0.89), L-Cys-Cys 
(0.88), L-Cys (0.90), DL/L-Ser (0.92), L-Arg (0.87), 
L-Om (0.91), DL/D/L-Ala (0.91), L-Asp (0.89), DL-
But (0.86), DL-Thr (0.93), L-Tyr (0.85) 
DL-Thr (0.93), DL/D/L-Ala (0.91), Gly (0.90), L-Ser 
(0.94), L-Om (0.91) 
RF values of amino acids in their mixtures are slightly changed from their 
individual Rp values because of mutual interactions. 
5.0 cm 
1.0 cm 
_ L-Tyr 
(0.85) 
— DL-Phe 
(0. 58) 
Figure 4.1: Separation of L-Tyr and DL-Phe on silica gel 6OF254 HPTLC plates 
using mobile phase M13 
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0.2 ZnS04 Concentration —• 
0.04M 0.17M 0J5M 0.69M 
•L-Hi$ -»-L-Afg -A-L-Lys -x-l-Orn 
Figure 4.2: RM values decreases with the increase in the concentration of ZnS04 
in borate-phosphate buffer pH 2.3 as mobile phase 
t 
-0.4 1 
(^-0.8 
-1.2 
-1.6 
ZnS04 Concentration. 
0.04 M 0.17 M 0J5M 0.69 M 
-DL-Phe 
-L-Tyr 
-L-Asp 
L-Leu 
L-Ala 
D-Glu 
-DL-Val 
-L-Glu 
-DL-NII 
Figure 4.3: RM values increases with the increase in the concentration of ZnS04 
in borate-phosphate buffer pH 2.3 as mobile phase 
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PHEHYLALANINE OR mnSINEBY SILVER m HIEH-
PERFDRMANEE THIN LAYER EHROMAWERAPHY 
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5.1 INTRODUCTION 
It has been reported [1] that metalation (e.g. cupration, 
argentation) of silica gel provides some interesting selectivity in thin 
layer chromatography (TLC) analysis of amines, alcohols, organic acids, 
lipids, amino acids, halides and inorganic ions. Consequently, adsorbents 
impregnated with metal ions have been specially used in TLC of the compounds 
that possess electron-donor groups such as amines, mercaptans, sulphides, 
sulphonamides and amino acids [2-5]. Argentation TLC based on the ability of 
silver ions to create n complexes with unsaturated ligands, has found its 
application in the analysis and structural elucidation of lipids [6]. In addition, 
argentation TLC has been used in the analysis of steroids, alcohols, 
carbohydrates, organic acids and lipids [7-19]. In view of these facts, we 
performed chromatography of amino acids on silica gel 6OF254 high 
performance thin layer chromatography (HPTLC) plates impregnated 
with silver nitrate using borate-phosphate buffer (pH 2.3) as mobile 
phase. 
5.2 EXPERIMENTAL 
Chemicals and reagents 
Silica gel 6OF254 'HPTLC plates 1.05583 (Merck, Germany); boric acid, 
silver nitrate, sodium hydroxide and ninhydrin (Merck, India); glycine (Gly), 
L-proline (L-Pro), L-histidine (L-His), L or D-glutamic acid (L or D-Glu), 
L-lysine (L-Lys), L-tyrosine (L-Tyr), L or DL-serine (L or DL-Ser), L or 
D-leucine (L or D-Leu), L-arginine (L-Arg), L-omithine (L-Om), L or D or 
DL-alanine (L or D or DL-Ala), DL-aspartic acid (DL-Asp), DL-valine (DL-
Val), DL-phenylalanine (DL-Phe), DL-isoleucine (DL-Ile), DL-norisoleucine 
(DL-NIl), DL-tryptophan (DL-Trp), DL-2 amino-butyric acid (DL-But), DL-
methionine (DL-Met), DL-threonine (DL-Thr), inorganic anions and metal 
cations (CDH, India); diphenylenediamine (BDH, India); m- and p-
phenylenediamine (LOBA Chemie, India); tri-n-butylamine and tert-butylamine 
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(S.D. Fine Chemicals Ltd., India); and phosplioric acid (Glaxo, India) were 
used. 
Test solutions 
The test solutions (0.5%) of amino acids were prepared in 
demineralized double distilled water. 
Detection 
Ninhydrin (0.3%) solution in acetone was used to detect all the 
amino acids. 
Stationary phase 
Code 
s, 
S2 
S3 
S4 
S5 
S6 
S7 
Sg 
Stationary phase 
Silica gel 6OF254 HPTLC plates 
S| Impregnated with 0.01% aqueous solution of silver nitrate 
Si Impregnated with 0.1% aqueous solution of silver nitrate 
Si Impregnated with 1% aqueous solution of silver nitrate 
Si Impregnated with 5% aqueous solution of silver nitrate 
Si Impregnated with 10% aqueous solution of silver nitrate 
Reversed-phase HPTLC plates (RP-I8F254S) 
S7 Impregnated with 5% aqueous solution of silver nitrate 
Mobile phase 
The boric acid (0.04 M), phosphoric acid (0.04 M) and sodium 
hydroxide (0.24 M) were used for the preparation of borate-phosphate buffer. 
Code 
Ml 
M2 
M3 
M4 
Mobile phase 
Borate-phosphate buffer (pH 2.3) 
Borate-phosphate buffer (pH 7.0) 
Borate-phosphate buffer (pH 10.4) 
5.0 g silver nitrate dissolved in borate-phosphate buffer (pH 
2.3) 
Procedure 
Precoated silica plates were activated at 50 ± 1°C for 30 minutes in an 
electrically controlled oven, cooled at room temperature (25 ± 2°C) and stored in 
a closed chamber. The silica plates were developed by ascending technique with 
107 
Cfiapter-S 
silver nitrate solution upto 6.0 cm in a rectangular twin trough chamber with 
stainless steel lid (Desaga, Germany), dried at 50°C for 1 h in an oven and 
cooled at room temperature before use. Test solutions (0.015 i^L) were applied 
on HPTLC plates with the help of micropipette (Tripette, Germany) 
approximately about 1.0 cm above the lower edge of the plates and the 
chromatography was performed as described in chapter 4. The spots were 
detected using ninhydrin as chromogenic reagent and the Rp value was 
calculated. 
Separation 
For the separation, equal amount of amino acids to be separated were 
mixed and 0.015 i^L of the resultant mixture was loaded on the HPTLC plates 
(S5). The plates were developed to 5.0 cm height using mobile phase Mi, the 
spots were detected and the Rp values of the separated amino acids were 
determined. 
Interference 
To investigate interference from inorganic anions, amines and metal 
cations on the mutual separation of nonpolar (DL-Ala + L-Phe + DL-Trp) and 
of nonpolar plus polar (DL-Ala + DL-Tyr + DL-Trp) amino acids, an aliquot 
(0.015 fiL) of the mixture of amino acids to be resolved was spotted on HPTLC 
plate at the origin. After complete drying of spot an aliquot (0.015 \iL) of 
impurity solution (m- and p-phenylenediamine of 0.02%, others of 1%) was 
spotted on the same spot. The spot was redried and the chromatography was 
performed using mobile phase Mj. The resolved spots were detected and the Rp 
values of separated amino acids were determined. 
Limit of detection 
The detection limits of amino acids (DL-Ala, DL-Phe, DL-Trp and L-
Tyr) were determined as described in Chapter 4, using S5-M1 system. 
5.3 RESULTS AND DISCUSSION 
All amino acids (except histidine, lysine, arginine and ornithine) show 
higher mobility on unimpregnated silica gel 6OF254 HPTLC plates (Si) 
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compared to Ag ion impregnated silica gel 6OF254 HPTLC plates as evident 
from Table 5.1. When silica gel comes in contact with aqueous silver nitrate, 
cation exchange takes at the surface of silica gel to give sorbent phase of altered 
selectivity. 
= SiOH + Ag^ :f=^ {= SiO)Ag + iT 
On the basis of mobility pattern on Ag ion impregnated (0.01% to 10%) 
HPTLC plates (S2-S6), amino acids can be classified as: 
(a) Amino acids such as L-Glu, L-Leu, DL-Asp, DL-Phe, DL-Ser, L-Ser, 
DL-lle, DL-NIl, DL-Thr, D-Glu and D-Leu show decrease in mobility 
with the increase of Ag ion concentration in the layer material (82-85). 
(b) Generally, basic amino acids such as L-His and L-Lys show an increase 
in mobility with the increase in Ag ion concentration. However, on some 
stationary phases L-Lys (85, 85), L-Tyr (82) and L-Om (85, 85) show 
double spots while for L-Arg (85, 85), L-Tyr (S3) and L-Om (84) tailed 
spots were observed. 
(c) Gly, L-Pro, DL-Val and DL-But show no change in their Rp value (or 
mobility) with the change in Ag ion concentration. 
(d) An initial decrease in Rp value followed by an increase with the increase 
in Ag ion concentration was realized for certain amino acids (L-Ala, DL-
Ala, DL-Trp, DL-Met and D-Ala). 
To demonstrate the effect of Ag ion impregnation on the mobility of 
amino acids, ARp values (Rp value of amino acids on unimpregnated plates, Sj 
minus Rp value on impregnated plates, 85) were calculated and plotted in 
Figure 5.1. From this figure it is clear that the impregnant has significant 
influence on the reduction of mobility of amino acids. The positive ARF values 
for most of amino acids are indicative of their higher mobility on 
unimpregnated (81) plates whereas a few amino acids show higher mobility on 
impregnated (85) plates as evident by negative values of ARp. Tryptophan and 
methionine are the most effected amino acids showing significant reduction in 
mobility on silver ion impregnated silica layers. The lowest mobility of 
109 
Cfiapter-3 
methionine may be due to strong affinity of sulphur (CH3-S-CH2-CH2- group) 
towards Ag ion impregnated silica phase. The presence of ^ NH in the bulky 
indole group appears to be responsible for lowering of mobility of tryptophan. 
The RF values of amino acids obtained on silica HPTLC plates 
impregnated with 5% AgNOa show either low (L-His, DL-Trp and DL-Met) or 
medium (Gly, L-Pro, L or D-Glu, L-Lys, L-Tyr, L or DL-Ser, L or D-Leu, L-
Arg, L-Om, L or D or DL-Ala, DL-Asp, DL-Val, DL-Phe, DL-Ile, DL-NIl, DL-
But and DL-Thr) Rp values in borate buffers of pH 7.0 and 10.4 and hence only 
binary separations are possible with these mobile phases. With borate buffer pH 
2.3, binary and ternary separations can be obtained. Compared to the mobility 
(Rp = 0.27) in acidic medium (pH 2.3), DL-Trp shows higher mobility in 
neutral pH (pH 7.0), RF = 0.53 and alkaline pH (pH 10.4), Rp = 0.53 range. 
Therefore, it was selected for further studies. The selected TLC system 
(stationary phase 5% Ag ion impregnated silica HPTLC plate and borate-
phosphate buffer, pH 2,3 as mobile phase) M1-S5 is capable to resolve: 
(a) Mixture of nonpolar amino acids (DL-Ala + DL-Phe + DL-Trp). 
(b) Mixture of nonpolar plus polar amino acids (DL-Ala + L-Tyr +DL-Trp). 
These separations are important from the fact that the resolved spots 
have very close pi values (mentioned in parenthesis) DL-Ala (6.00), DL- Phe 
(5.48), DL-Trp (5.89) and L-Tyr (5.66). 
In order to search out some other TLC systems capable to resolve the 
above mixtures of amino acids as mentioned in (a) and (b), different approaches 
were adopted as discussed below, 
(i) Stationary phase silica gel 60 F254 HPTLC layer and mobile phase 
buffer pH 2.3. (Amino acids move together and separations could not be 
achieved, Figure 5.2A). 
(ii) Stationary phase silica gel 6OF254 HPTLC layer and buffered silver 
nitrate (5%) solution (pH 2.3) as mobile phase. (Amino acids could not 
be resolved as they give single spot. Figure 5.2C). 
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(iii) Reversed-phase-18F254s HPTLC layer as stationary phase and buffer pH 
2.3 as mobile phase. Mixture (a) could not be resolved but mixture (b) is 
resolved. Figure 5.2D. 
(iv) Reversed-phase-18F254s HPTLC layer impregnated with 5% aqueous 
silver nitrate solution as stationary phase and buffer pH 2.3 as mobile 
phase (results as in Figure 5.2E). 
(v) Stationary phase RP-I8F254S HPTLC layer and mobile phase buffered 
silver nitrate (5%) solution (pH 2.3), results as in Figure 5.2F. 
From comparison of normal-phase (Figure 5.2B) and reversed-phase 
TLC (Figures 5.2D - F) results, it is interesting to note that resolution of amino 
acids (DL-Ala + L-Tyr + DL-Trp) from their mixture is improved on reversed-
phase HPTLC plates whereas the mixture DL-Ala + DL-Phe + DL-Trp, could 
not be resolved. 
Therefore, the selected TLC system (M1-S5) is the best as it is capable of 
resolving mixtures containing nonpolar and polar amino acids, as is evident 
from Figure 5.2B. 
Separation of the amino acids depends upon the composition of the 
sample. With this view, separation possibilities of two mixtures, DL-Ala +DL-
Phe + DL-Trp and DL-Ala + L-Tyr + DL-Trp were examined in the presence of 
impurities. Amines, inorganic anions and metal cations were taken as impurities 
and the chromatography was performed with the selected TLC system (M1-S5), 
the results are listed in Table 5.2. In the presence of metal cations (Zn^ ,^ Pb^^, 
Tr, Ni^^ and Cu^^), anions (CF, S04^', NO3' and SCN") and amines 
(diphenylamine, tri-n-butylamine, tert-butylamine and m-phenylenediamine), 
DL-Ala, DL-Phe and DL-Trp were well separated from their mixture. 
Interestingly, other metal cations (Li*, Ba^*, Al^ *, Th"**, Hg^* and Co^*) and 
amine (p-phenylenediamine) were found to hamper the separation. Clear 
separation of the three-component mixture DL-Ala + L-Tyr + DL-Trp in the 
presence of metal cations Al^*, Pb^*, Cu^* and Co'^ * and inorganic anion S04^~. 
Other metal cations (Li*, Ba^*, Th'**, Zn^*, Hg"^ * and Ni^*), inorganic anions 
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(Cr, NO3 and SCN~) and amines (diphenylamine, tri-n-butylamine, tert-
butylamine, m- and p-phenylenediamine) have a deliterious effect on the 
separation efficiency by transforming the compact spots of DL-Ala, L-Tyr and 
DL-Trp into diffused spots and hence no separation was possible in the 
presence of these impurities, as is evident from Table 5.2. 
The lowest possible detectable nanogram amounts of amino acids 
obtained on 5% Ag ion impregnated silica HPTLC plates (S5) developed with 
Ml are: for DL-Phe 4.5 ng spot'and for DL-Ala, L-Tyr and DL-Trp. These data 
show that the proposed method is a very efficient means of identifying amino 
acids at the nanogram level. 
Some important separations of amino acids experimentally realized on 
Ag ion impregnated stationary phases (S3 and S5) with borate buffer pH 2.3 
(M,) include L-Lys (0.23) - DL-Ile (0.75) - L or D-Glu (0.96), L-Arg (0.21) -
DL-NIl (0-74) - DL-Asp (0.95), L-Om (0.23) - L-Leu (0.75) - L-Ser (0.92) on 
S3 and L-His (0.31) - L-Pro (0.68) - L or DL-Ser (0.84), DL-Trp (0.27) - L or 
D-Leu (0.70) - L or D or DL-Ala (0.89), DL-Met (0.14) - DL-Phe (0.63) - DL-
Thr (0.86) on S5. 
From comparison of the proposed new method with earlier reported TLC 
procedures (Table 5.3), it is clear that the reported method is advantageous 
because of the following facts. 
(a) It provides well resolved spots of the amino acids Ala + Phe or Tyr + Trp 
from their mixtures. 
(b) It avoids the use of toxic organic solvents in the mobile phase. 
5.4 CONCLUSION 
The new HPTLC system comprising of 5% Ag ion impregnated silica 
gel 6OF254 HPTLC plates as stationary phase and borate buffer pH 2.3 as mobile 
phase was the most favorable system for the separation of 
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(a) DL-Ala + DL-Phe + DL-Trp 
(b) DL-Ala + L-Tyr + DL-Trp 
Such separations could not be achieved with following TLC systems, 
(i) Silica gel 6OF254 HPTLC plates with mobile phase buffer pH 2.3. 
(ii) Silica gel 6OF254 HPTLC plates with buffered silver nitrate (5%) solution 
(pH 2.3) as mobile phase, 
(iii) The mixture DL-Ala + DL-Phe + DL-Trp could not be resolved on 
reversed-phase-18F254s HPTLC plates. 
This study clearly shows the effectiveness of the Ag ion in the stationary 
phase for achieving analytically important separations of amino acids. 
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Table 5.1: The mobility of amino acids on non-impregnated and impregnated 
silica gel 6OF254 HPTLC plates with different concentrations of Ag ion with 
borate-phosphate buffer pH 2.3 as mobile phase 
Amino 
acids 
Gly 
L-Pro 
L-His 
L-Glu 
L-Lys 
L-Tyr 
L-Ser 
L-Leu 
L-Arg 
L-Om 
L-Ala 
DL-Asp 
DL-Ala 
DL-Val 
DL-Phe 
DL-Ser 
DL-Ile 
DL-NIl 
DL-Trp 
DL-But 
DL-Met 
DL-Thr 
D-Glu 
D-Leu 
D-Ala 
Non-
impregnated 
HPTLC plate 
0.82 
0.67 
0.20 
0.95 
0.20 
0.93 
0.96 
0.79 
0.22 
0.21 
0.96 
0.96 
0.96 
0.84 
0.83 
0.97 
0.77 
0.94 
0.87 
0.92 
0.81 
0.97 
0.96 
0.78 
0.90 
Ag^ ion impregnated HPTLC plate AgNOj 
concentration (%) 
0.01 
0.83 
0.68 
0.26 
0.96 
0.22 
0.69 
0.91(D) 
0.91 
0.79 
0.19 
0.27 
0.88 
0.98 
0.89 
0.82 
0.80 
0.93 
0.78 
0.80 
0.81 
0.76 
0.82 
0.87 
0.96 
0.77 
0.93 
0.1 
0.83 
0.68 
0.28 
0.95 
0.23 
0.66(T) 
0.89 
0.76 
0.21 
0.24 
0.85 
0.95 
0.85 
0.82 
0.75 
0.89 
0.75 
0.75 
0.80 
0.76 
0.30 
0.86 
0.95 
0.77 
0.82 
1 
0.83 
0.69 
0.29 
0.94 
0.53 
0.57 
0.88 
0.76 
0.39 
0.58(T) 
0.86 
0.94 
0.88 
0.82 
0.73 
0.89 
0.75 
0.71 
0.70 
0.77 
0.27 
0.85 
0.95 
0.76 
0.83 
5 
0.82 
0.67 
0.31 
0.78 
0.33 
0.77(D) 
0.70 
0.84 
0.69 
0.41(T) 
0.35 
0.91(D) 
0.88 
0.82 
0.89 
0.80 
0.63 
0.84 
0.73 
0.69 
0.27 
0.77 
0.14 
0.85 
0.80 
0.71 
0.85 
10 
0.83 
0.68 
0.32 
0.72 
0.33 
0.79(D) 
0.72 
0.73 
0.67 
0.42(T) 
0.38 
0.88(D) 
0.89 
0.80 
0.89 
0.80 
0.61 
0.80 
0.73 
0.69 
0.35 
0.77 
0.16 
0.75 
0.68 
0.66 
0.89 
(T) = Tailed spot, (D) = Double spot 
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Table 5.2: Separation of mixtures" in the presence of impurities (cations, anions 
and amines), on 5% Ag ion impregnated silica gel 6OF254 HPTLC plates using Mi 
(borate buffer pH 2.3) as mobile phase 
Impurities 
ir-
Mixture I 
DL-Ala + DL-Phe + DL-Trp 
Mixture II 
DL-Ala + L-Tyr + DL-Trp 
Al 
TT 
No separation 0.93 0.78 0.40 
Zn 
j r 
0.85 0.66 0.26 No separation 
Pb 
T r 
0.95 0.71 0.29 0.93 0.79 0.42 
Ni 
TT 
0.90 0.60 0.29 No separation 
Cu 
TT 
0.87 0.54 0.29 0.93 0.82 0.27 
Co No separation 0.95 0.65 0.25 
If 0.91 0.69 0.39 No separation 
cr 0.80 0.56 0.35 No separation 
SO4 0.77 0.54 0.32 0.92 0.63 0.19 
NO3 0.85 0.58 0.34 No separation 
SCN" 0.82 0.55 0.34 No separation 
Diphenylamine 0.80 0.55 0.28 No separation 
Tri-n-butylamine 0.77 0.58 0.37 No separation 
Tert-butylamine 0.79 0.56 0.31 No separation 
m-
Phenylenediamine 
0.80 0.56 0.34 No separation 
^Separations could not be achieved in the presence of Li^, Ba ^, Th , Hg ^ and p-
phenylenediamine. 
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Figure 5.2: Separation of amino acids from their mixtures (DL-Ala + DL-Phe + 
DL-Trp) and (DL-Ala + L-Tyr + DL-Trp) 
A. Silica gel 6OF254 HPTLC plates (Si) developed with borate buffer pH 2.3 (Mi) 
B. 5% Silver nitrate impregnated HPTLC plates (S5) developed with borate buffer 
pH 2.3 (M,) 
C. Silica gel 6OF254 HPTLC plates (Si) developed with buffered silver nitrate 
(5%) solution (pH 2.3) as mobile phase (M4) 
D. RP-18F254S plates (S7) developed with borate buffer pH 2.3 (M,) 
E. 5% silver nitrate impregnated RP-I8F254S plates (Sg) developed with borate 
buffer pH 2.3 (Ml) 
F. RP-I8F254S plates (S7) developed with buffered silver nitrate (5%) solution (pH 
2.3) as mobile phase (M4) 
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CHAPTER-B 
SIMULTANEOUS SEPARATIONAHDIDEHTIFICATIOH OF 
CYANOCOBALAMIN THIAMINE AND ASEOROICACIO ON 
POLYDXYETHYLENE SORBITAN MONDOLEATE-IMPREENATED 
SILICA LAYERS WITH WATER AS MOBILE PHASE 
Cfuipter-6 
6.1 INTRODUCTION 
Normal-phase and reversed-phase thin layer chromatography 
(TLC) have been found very useful for the identification and separation 
of vitamins [1-7]. The stationary phases used for analysis of hydrophilic 
and lipophilic vitamins include heulandite, lichrospher, silica gel, 
kieselguhr, cellulose and surface modified silica gel [8-15]. R. Bhushan 
and V. Parshad [13] have achieved separations of vitamin B complex and 
folic acid on silica gel layers impregnated with inorganic ions using 
mixed aqueous-organic mobile phases containing n-propanol, n-butanol, 
water and ammonia. Mixed organic mobile phases have been widely used 
for analysis of water-soluble and fat-soluble vitamins [7, 16-18]. 
Surprisingly, double distilled water as mobile phase has not been used 
for analysis of vitamins whereas its analytical potential as mobile phase 
has been used for rapid separation of inorganic anions on silica [19]. 
None of the studies performed so far reports the use of silica gel 
impregnated with surfactants in combination with double distilled water 
as mobile phase for identification and separation of water-soluble 
vitamins. This communication is probably the first report on the use of 
silica gel impregnated with nonionic surfactant as layer material in TLC 
analysis of vitamins. A second fascinating feature of this study is the use 
of double distilled water as the simplest, highly pure, nontoxic and 
inexpensive mobile phase which can be repeatedly used without any 
change in composition. 
6.2 EXPERIMENTAL 
All experiments were performed at 30+ 2°C. 
Apparatus 
A thin layer chromatographic applicator (Toshniwal, India), 
micropipette (Tripette, Germany), 20 x 3.5 cm glass plates, 24 x 6 cm 
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glass jar and iodine chamber to locate the position of the spot of analyte 
were used. 
Chemicals and reagents 
Silica gel 'G' (Merck, India); cetylpyridinium chloride (CPC), N-
Cetyl N,N,N trimethylammonium bromide (CTAB), 
Polyoxyethylene(2)sorbitan monolaurate (Tween 20)(Tw 20), 
Polyoxyethylene(20)sorbitan monolaurate (Cween 20)(Cw 20), Cween 
80(Cw 80) and vitamins (CDH, India); sodium dodecyl sulfate (SDS) 
(BDH, India); sodium deoxycholate (SDC) and Brij 35 (LOBA Chemie, 
India); Brij 78 (Aldrich, Germany) were used. 
Vitamins studied 
Water-soluble vitamins used in the present study include folic 
acid, cyanocobalamin (B12), thiamine (Bi) and ascorbic acid (C). 
Test solutions 
1% aqueous test solutions of all vitamins (except cyanocobalamin. 
0.5%) were used. 
Detector 
Folic acid and cyanocobalamin were self detected while others 
were detected by iodine vapours. 
Stationary phase 
The following stationary phases were used 
Code 
s, 
S2 
S3 
S4 
S5 
S6 
S7 
Ss 
Stationary phase 
Silica ge l 'G ' 
Silica gel 'G' slurry in 0.001% CTAB 
Silica gel 'G' slurry in 1% CTAB 
Silica gel 'G' slurry in 2% CTAB 
Silica gel 'G' slurry in 0.001% CPC 
Silica gel 'G' slurry in 1% CPC 
Silica gel 'G' slurry in 2% CPC 
Silica gel 'G' slurry in 0.001% SDS 
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S9 
Sio 
S.i 
S12 
S,3 
Si4 
Sl5 
S16 
S,7 
S18 
Si9 
S20 
S2I 
S22 
S23 
S24 
S25 
S26 
S27 
S28 
Silica gel 
Silica gel 
Silica gel ' 
Silica gel ' 
Silica gel 
Silica gel ' 
Silica gel 
Silica gel 
Silica gel 
Silica gel 
Silica gel 
Silica gel 
Silica gel 
Silica gel 
Silica gel 
Silica gel 
Silica gel 
Silica gel 
Silica gel 
Silica gel 
G 
G 
G 
G 
G" 
G 
G 
G 
G 
G 
G 
G 
G 
•G 
•G 
•G 
•G 
G 
G 
'G 
slurry in 1% SDS 
slurry in 2% SDS 
slurry in 0.001% SDC 
slurry in 1% SDC 
slurry in 2% SDC 
slurry in 0.001% Brij 35 
slurry in 1% Brij 35 
slurry in 2% Brij 35 
slurry in 0.001% Brij 78 
slurry in 1% Brij 78 
slurry in 2% Brij 78 
slurry in 0.001% Cween 20 
slurry in 1% Cween 20 
' slurry in 2% Cween 20 
' slurry in 0.001% Cween 80 
' slurry in 1% Cween 80 
' slurry in 2% Cween 80 
' slurry in 0.001% Tween 20 
' slurry in 1% Tween 20 
' slurry in 2% Tween 20 
Mobile phase 
Double distilled water. 
Preparation of TLCplates 
(a) Plain silica gel thin layer plates: 
Plain silica gel plates were prepared by mixing silica gel with 
double distilled water in 1:3 ratio with constant shaking until a 
homogeneous slurry was obtained. The resultant slurry was applied to 
the glass plates with the help of an applicator to give a 0.25 mm thick 
layer. The plates were dried at room temperature and then activated at 
100±2''C in an oven for 1 h. The activated plates were stored in a closed 
chamber at room temperature until used. 
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(b) Surfactant impregnated silica gel thin layer plates: 
Impregnated silica gel plates were prepared by mixing silica gel 
with aqueous surfactant solution in 1:3 ratios with constant stirring until 
homogenous slurry was obtained. Thin layers of resultant slurry were 
prepared by following the method as described in (a). 
Procedure 
Thin layer chromatography was performed on plain and 
impregnated (with CTAB, CPC, SDS, SDC, Brij 35, Brij 78, Cw 20, Cw 
80 or Tw 20) silica gel layers in glass jars. Test solution (0.1 \xh) was 
applied by means of micropipette about 2 cm above from the lower edge 
of the plates. The spot was air dried and the plates were developed in the 
chromatographic chamber presaturated for 30 minutes with double 
distilled water by ascending technique upto 10 cm from the point of 
application. After development, the plates were dried in oven at 60°C 
and then kept in iodine chamber to locate the position of the spot and the 
Rp value was calculated. 
Separation 
For mutual separation, equal volumes of vitamins (1 mL each) to 
be resolved were mixed and 0.2 \xL of the resultant mixture was loaded 
on S25 stationary phase. The plates were developed with double distilled 
water, plates were dried and the spots were detected in iodine chamber. 
The Rp values of the separated vitamins were determined. 
Variation ofpH in sample and mobile phase 
For this study, few drops of HCl or NaOH were added to sample 
(B12 + Bi + C) solution or mobile phase (distilled water) in order to 
obtain different pH values (acidic or basic). The resultant samples were 
chromatographed on S25 using distilled water. Similarly, another TLC 
plate S25 was spotted with sample (Bn + Bi + C) and developed with 
resultant mobile phase (acidic or basic pH). And the Rp values of 
resolved spots were calculated. 
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Interference 
For investigating the effect of metal cations and inorganic anions 
as impurities on separation of thiamine, cyanocobalamin and ascorbic 
acid, mixture (0.2 ^iL) of vitamins (B12 + Bi + C) was spotted along with 
an aliquot (0.2 ^iL) of foreign substance or impurity and chromatography 
was performed on S25 stationary phase with double distilled water as 
described above. The spots were detected and the Rp values of amino 
acids were determined. 
Microgram separation of thiamine from cyanocobalamin and vice 
versa 
For this study, TLC plate (S25) was first spotted with 1 i^L solution 
of the thiamine (5 fig) and then with 1 fiL from a series of standard 
solutions of cyanocobalamin containing 0.005-0.018 mg/|LiL onto the 
same TLC plates. Simultaneously, another TLC plate was first spotted 
with 1 fj,L solution of cyanocobalamin (5 ^g) and then with 1 )iL of the 
standard solutions containing 0.005-0.03 mg thiamine per jiL onto the 
same TLC plate. The spots were completely dried and the plates were 
developed with double distilled water and the separated spots were 
visualized. The Rp values were calculated for both the vitamins. 
Validation parameters 
For checking repeatability of Rp values, equal volumes of vitamin 
B12, Bi and "C solutions were mixed and 0.2 \xL of the resultant mixture 
was loaded on 2% Cw 80 impregnated TLC plate (S25). The plate was 
developed with double distilled water and spots were detected. The same 
process was repeated five times with the prepared mixture by the same 
analyst within a day (short interval of time) and Rp value of separated 
vitamins were calculated. 
For reproducibility, the same process as mentioned above was 
repeated by different analysts in the same laboratory with the above 
prepared mixture for five days. 
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Detection and dilution limits 
The detection limits of vitamins B12, Bi and C were determined by 
spotting their different amounts on 2% Cw 80 impregnated silica gel 
(S25), developing the plates with double distilled water and detecting the 
corresponding spots. The method was repeated with successive lowering 
of the amount of vitamins. The lowest detectable amount on the TLC 
plates was taken as the limit of detection. 
The limit of dilution was determined using the expression: 
Dilution limit = 1: (Volume of test solution x 10^) / [Limit of detection 
(Mg)] 
6.3 RESULTS AND DISCUSSION 
The unique features of this study are: 
(a) Selection of surfactant mediated stationary phase containing 
nonionic surfactant (Cween 80). 
(b) Utilization of double distilled water as the simplest and nontoxic 
environmentally acceptable mobile phase. 
(c) Simultaneous separation of vitamins 812, Bi and C under 
following experimental conditions. 
(i) Presence of inorganic cations in sample, 
(ii) Presence of inorganic anions in sample, 
(iii) Variation in pH of sample and mobile phase. 
(d) Identification of B12, Bj and C vitamins in commercial drug 
formulations. 
Chromatography of four water-soluble vitamins (folic acid, B12, Bi 
and C) was performed on plain silica gel as well as on silica gel 
impregnated with CTAB, CPC, SDS, SDC, Brij 35, Brij 78, Cw 20, Cw 
80 or Tw 20 using double distilled water as the simplest mobile phase 
system. Compared to plain silica or silica gel impregnated with ionic 
(anionic or cationic) surfactants silica gel impregnated with nonionic 
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surfactants was more effective (Figure 6.1A-C) for the resolution of 
three component mixture of vitamins (B)2, Bi and C). 
From the data listed in Table 6.1, following conclusions are 
drawn, 
(a) On plain silica gel (without surfactant), folic acid produces tailed 
spot starting from the point of application to solvent front. The 
mobilities of B12 and Bj are low while vitamin C shows higher 
mobility. 
(b) On silica gel impregnated with cationic (CTAB and CPC) 
surfactants (S2-S7), folic acid again produces tailed spot whereas 
other vitamins form compact spots. The mobilities of B12 and Bi 
were found to increase with the increase in concentration of CTAB 
(S2-S4) and CPC (S5-S7) in the stationary phase. However, a 
reversed trend i.e. decreases in mobilities of B12 and B] with 
increase in concentration of CTAB or CPC is observed for vitamin 
C. 
(c) On silica impregnated with anionic (SDS and SDC) surfactants 
(Sg-Sis) shows high mobility on Sg-Sio and S12, a tailed spot on Sn 
and medium mobility on S13 (Rp = 0.66). The highly compact spots 
for vitamins (Bn, Bi and C) were realized on all Sg-Sjs layers. 
Vitamin C shows higher mobility on Sg (0.001% SDS impregnated 
layer) and on Sy (0.001% SDC impregnated layer) whereas it 
shows little mobility on S9, Sio, Sn and S13. 
These layer materials were not found suitable from separation 
point of view. Therefore, silica gel impregnated with nonionic 
surfactants was tested for separation of vitamins. 
The data listed in Table 6.2 show the influence of nonionic (Brij 
35 and 78, Tween 20, Cween 20 and 80) surfactants in silica (S14-S28) 
layers on the mobility of vitamins. Folic acid shows badly tailed spot on 
Si4 and 823- Folic acid and vitamin C show higher mobilities whereas 
very low mobility was obtained for Bj. The mobility of B12 falls in 
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between the mobilities of Bi and C. Thus, these new layer materials 
(silica gel impregnated with various nonionic surfactants) provide 
several opportunities for separations of vitamin under study from their 
multicomponent mixtures. 
Taking into consideration the compactness and the clearer 
detection of spots, silica gel impregnated with 2% Cw 80 was selected as 
the stationary phase. It gives better resolution of vitamins B12, Bi and C 
from their mixtures. The results presented in Figure 6.1C, clearly 
demonstrate the enhanced separation efficiency of Cw 80 impregnated 
silica phase compared to CTAB or SDS impregnated silica gel layers. 
SEM images of pure silica gel and 2% Cw 80 impregnated silica gel was 
compared (Figure 2). Plain silica gel particles displayed a nearly smooth 
surface whereas 2% Cw 80 impregnated silica gel particles are rod 
shaped. 
In order to examine the influence of pH on mutual separation of 
B12, Bi and C, two approaches were adopted. 
(a) Effect of sample pH: Few drops of HCl or NaOH were added to 
sample solution in order to obtain sample mixture in acidic (pH ~ 
2) or basic (pH ~ 10) medium. Vitamins experience only minor 
influence on their Rp value and separation is possible over a wider 
pH range (pH 2-10). 
(b) Effect of pH of mobile phase: pH of mobile phase was varied by 
adding few drops of HCl or NaOH in double distilled water. In 
acidic range (pH 1 and 3), there was no change in the Rp value of 
vitamin C, while Rp values of Bn and Bi were marginally affected 
(variation in Rp value ± 4%). In basic mobile phases (pH 10 and 
12), the results were identical to those obtained in acidic mobile 
phases (pH 1-2). 
It is clear from Table 6.3 that the effect of metal cations and 
inorganic anions in the sample as impurities influence the mutual 
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separation of B12, Bi and C. The mobilities (or Rp) of vitamins remain 
unaffected in the presence of metal cations or inorganic anions. 
However, the mobility of B12 fluctuates from 0.71 to 0.90 in the presence 
of impurities. Similarly, a slight increase in Rp value of Bi was observed 
in the presence of Li^ Al^ ,^ Na^ K^ V0^^ Ca^^ Ba^^ Zn2^ Ni^^ CI, 
NO3', SCN' and S04^~. However, separation is always possible in the 
presence of all cationic and anionic impurities listed in Table 6.3. Hg^^ 
is the exception where most serious effect on separation was noticed in 
its presence. All three vitamins (B12, Bj and C) comigrate in the presence 
of Hg forming a single spot and hence no separation is possible as 
shown in Figure 6.3. 
It was observed that 5 p.g of thiamine can be easily separated from 
0.018 mg of cyanocobalamin. Similarly, 5 |ig of cyanocobalamin can be 
separated from 0.03 mg of thiamine. The RSD in Rp value of all three 
separated vitamins (B12, Bi and C) from their mixture is 3.86%, 7.90% 
and 0.91% respectively. Thus, the proposed method is highly precise. 
The detection and dilution limits of some vitamins presented in Table 
6.4 indicate that the proposed method is suitable for detecting vitamins 
at trace level. 
Application 
The results listed in Table 6.5 clearly demonstrate the 
applicability of the proposed method for the identification of B12, B] and 
C in drug samples. 
6.4 CONCLUSION 
The proposed chromatographic procedure allowed the 
identification and mutual separation of B12, Bj and C with double 
distilled water as mobile phase. Amongst selected stationary phases, 
silica gel impregnated with 2% Cween 80 was the most favorable for 
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separation as it improved the resolution and allowed the mutual separation of 
cyanocobalamin, thiamine and ascorbic acid. 
Being selective, the proposed method could be implemented as a 
reliable analytical tool for the analysis of drug samples. The method could be 
applied for the identification of cyanocobalamin, thiamine and ascorbic acid in 
the drug samples. 
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Table 6.1: The mobility of vitamins on different stationary phases using 
double distilled water as mobile phase 
Stationary 
phases 
Si 
S2 
S3 
S4 
S5 
S6 
S7 
Sg 
S9 
Sio 
S i , 
S12 
S,3 
Folic acid 
0.50 T 
0.50 T 
0.05 
0.03 
0.50 T 
0.04 
0.03 
0.96 
0.92 
0.95 
0.50T 
0.90 
0.66 
R F values of vitamins 
B12 
0.22 
0.26 
0.27 
0.45 
0.36 
0.40 
0.56 
0.34 
0.42 
0.48 
0.52 
0.52 
0.73 
B, 
0.10 
0.07 
0.15 
0.30 
0.11 
0.18 
0.36 
0.08 
0.09 
0.11 
0.13 
0.13 
0.17 
C 
0.98 
0.77 
0.15 
0.13 
0.72 
0.15 
0.13 
0.74 
0.02 
0.01 
0.75 
0.02 
0.01 
T = Tailed spot. Folic acid produces badly tailed spot starting from the point 
of application to solvent front 
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Table 6.2: The Rp values of water-soluble vitamins on nonionic surfactant 
impregnated silica gel as stationary phase 
Stationary 
phases 
Sl4 
S.5 
Sl6 
Sl7 
Sl8 
Si9 
S20 
S2. 
S22 
S23 
S24 
S25 
S26 
S27 
S28 
Folic acid 
0.50 T 
0.97 
0.94 
0.84 
0.99 
0.95 
0.98 
0.93 
0.95 
0.50T 
0.99 
0.97 
0.99 
0.99 
0.99 
Rp values of vitamins 
B12 
0.15 
0.27 
0.27 
0.24 
0.34 
0.45 
0.22 
0.30 
0.42 
0.20 
0.39 
0.60 
0.42 
0.55 
0.81 
B, 
0.09 
0.10 
0.07 
0.08 
0.09 
0.13 
0.10 
0.09 
0.10 
0.08 
0.15 
0.20 
0.10 
0.11 
0.28 
c 
0.71 
0.70 
0.90 
0.80 
0.99 
0.98 
0.95 
0.98 
0.99 
0.90 
0.95 
0.97 
0.80 
0.85 
0.90 
T = Tailed spot, Folic acid produces badly tailed spot starting from the point 
of application to the solvent front. 
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Table 6.3: Separation of vitamin B ^ and Bi from C in the presence of 
cations and anions as impurities on S2S using double distilled water as 
mobile phase 
Impurities 
Li" 
Na" 
r 
Ca^ " 
Ba^" 
Zn'^ 
Nr 
vo'" 
Hg^" 
Pb^ " 
Cu'" 
Co^" 
Al^ " 
cr 
N03~ 
SCN' 
Mixture 
B,2 
0.88 
0.90 
0.85 
0.89 
0.83 
0.88 
0.77 
0.71 
Bi 
0.25 
0.26 
0.23 
0.24 
0.23 
0.21 
0.25 
0.29 
C 
0.99 
0.99 
0.99 
0.99 
0.99 
0.99 
0.90 
0.98 
No separation 
0.77 
0.90 
0.77 
0.77 
0.87 
0.90 
0.89 
ND 
ND 
ND 
0.29 
0.20 
0.21 
0.22 
0.98 
ND 
0.90 
ND 
0.99 
0.99 
0.99 
ND = Not detected 
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Table 6.4: Detection and dilution limits of some vitamins achieved on 2% 
Cween 80 impregnated silica layers developed with double distilled water 
Vitamins 
Cyanocobalamin 
Thiamine 
Ascorbic acid 
Lower limit of detection (\ig) 
0.5 
0.5 
1.0 
Dilution limit* 
1:2 X 10^ 
1:2 X lO"* 
1:1 X 10^ 
•Dilution limit = 1: (Volume of test solution xlO )/ [Limit of detection (^ ig)J 
Table 6.5: The Rp values of cyanocobalamin, thiamine and ascorbic acid 
in drug samples 
Drug samples 
Polybion 
Alamin Forte 
Becozyme C Forte 
Nutrisan 
Supradyn 
Riconia 
Astymin Forte 
Basiton 
Spiked 
C 
Bi 
B, 
B, 
B, 
C 
-
C and Bi 
Bi2 
0.64 
0.65 
0.66 
0.62 
0.63 
0.63 
0.65 
0.65 
B, 
0.22 
0.17 
0.20 
0.16 
0.16 
0.23 
0.19 
0.23 
C 
0.97 
0.98 
0.98 
0.99 
0.99 
0.97 
0.98 
0.99 
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• -> Plain silica layer (Figure 6.1A-C) 
A -^ 2% CTAB impregnated silica layer (Figure 6.1A) 
• -^ 2% SDS impregnated silica layer (Figure 6.IB) 
• -> 2% Cw 80 impregnated silica layer (Figure 6.1C) 
in 
> 
I*. 
Folic acid 
Folic acid 
Vitamins 
(A) 
(B) 
Vitamins 
Folic acid B,2 Bi 
Vitamins 
(C) 
Figure 6.1 (A-C): Comparison of RF values obtained on plain silica and 
surfactant impregnated silica stationary phases. Folic acid on plain silica layer 
produces badly tailed spot starting from the point of application to solvent front 
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Figure 6.2: SEM images of pure silica gel and silica gel impregnated with Cween 
80 surfactant 
(A) Pure silica gel (B) Cween 80 impregnated silica gel 
Bi 
+ 
[g^^ 
Bi2 Bi2 
+ 
Hg^^ 
C C 
+ 
Hg^^ 
B, 
+ 
Bi2 
+ 
C 
Bi 
+ 
B,2 + Hg 
+ 
C 
.2+ 
Figure 6.3: The mobility of thiamine (Bi), cyanocobalamin (8,2) and 
ascorbic acid (C) without and with Hg^* impurity on 825 and developed 
with double distilled water 
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CHAPTER-7 
AHIONIC-NaNIOHIC SURFACTANTS OOUPLEO THIH LAYER 
CHROMATOERAPHY: SYHEREESTIC EFFECT ON 
SIMULTANEOUS SEPARATIDH OF HYDROPHILIC VITAMINS 
chapter-? 
7.1 INTRODUCTION 
Vitamins are essential dietary components required by the body in 
minute quantities to perform certain cellular functions and their absence causes 
specific deficiency diseases. Vitamins catalyze biological reactions at very low 
concentration and lack of one or more vitamins leads to characteristic 
deficiency symptoms in man. Multiple deficiencies caused due to lack of more 
than one vitamin, known as avitaminosis is very common in human beings. 
Because of their physiological importance, identification, separation and 
quantification of vitamins in pharmaceutical formulations are important. 
Analysis of water-soluble vitamins has been performed by thin layer 
chromatography using different stationary and mobile phases [1-6]. Since first 
use of surfactants in paper chromatography in 1963 by M. Lederer [1], 
surfactant-modified thin layer chromatography (TLC) has found wider 
applications in separation studies [2, 7-11]. The use of surfactants in TLC has 
expanded its potentiality by providing efficient separations. Three main 
approaches regarding the use of surfactants in TLC are evident from literature. 
(a) As micellar mobile phase [5-7] where concentration of surfactant in the 
mobile phase exceeds the critical micelle concentration (CMC). 
(b) As electrolyte in mobile phase [8, 9, 12, 13] where the concentration ion 
of surfactants is kept below CMC value. 
(c) As impregnant of stationary phase [14-18]. 
Surfactant-modified TLC provides enhanced selectivity as a result of 
difference in the degree of binding of separated mixture components with 
mobile and stationary phases. The selective solubilization of mixture 
components with micelles is caused by complex electrostatic, hydrophobic, 
donor-acceptor and polarization interactions. 
All types of surfactants (cationic, anionic and nonionic) have been used 
in the mobile phase for the separation of amines [15], pesticides [5], nucleotides 
[3], amino acids [14], vitamins K, and K5 [5], penicillins [19], dyes [20] and 
heavy metal ions [21]. 
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Alternatively, surfactants in stationary phase have also been used. Thus, 
following three modifications are available to utilize separation potentiality of 
surfactants in TLC analysis of organic and inorganic substances. 
(a) The impregnation of the stationary phase in the absence of the surfactant 
in the mobile phase. 
(b) The impregnation of the stationary phase with the simultaneous 
introduction of the surfactant in the molecular form into the mobile 
phase. 
(c) The introduction of ionic surfactants as ion-pair reagents only in the 
mobile phase. 
Amongst these options (b) has been least studied. The present 
communication is the first report on simultaneous use of anionic surfactant 
(SDS) in stationary phase and a nonionic surfactant (cween 80) in the mobile 
phase for the study of vitamins. The TLC systems, which are composed of 
mobile and stationary phases modified by surfactants, are valuable from points 
of view of cost, safety and envirormiental protection since toxic organic 
solvents are not used. 
The coupling of anionic and nonionic surfactants has provided a novel 
thin layer chromatographic system for excellent resolution of five water-soluble 
vitamins such as thiamine, cyanocobalamin, riboflavin, pyridoxine and folic 
acid. 
7.2 EXPERIMENTAL 
Apparatus 
A thin layer chromatographic applicator (Toshniwal, India), 20 x 3 cm 
glass plates and 24 x 6 cm glass jars were used for the development of 
chromatographic plates. Iodine chamber was used to locate the position of the 
spot. 
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Chemicals and reagents 
Silica gel 'G', pyridoxine (Bg) and methanol (Merck, India); cellulose, 
kieselguhr G, aluminium oxide G, N-cetyl N,N,N-trimethyl ammonium 
bromide (CTAB), cetylpyridinium chloride (CPC), cetylpyridinium bromide 
(CPB), cween 80 (Cw 80), cween 20 (Cw 20), tween 20 (Tw 20), triton X-100 
(TX-lOO), cobalt chloride, barium chloride, copper sulphate, zinc nitrate, 
mercuric chloride, ammonium chloride, aluminium nitrate, ammonium 
sulphate, folic acid, cyanocobalamin (B^), thiamine (BO, ascorbic acid (C) and 
riboflavin (B2) (CDH, India); dodecylbenzene sulfonic acid (Fluka, Italy) and 
brij 35 (Qualigens LOBA Chemie); sodium dodecylsulphate (SDS) (BDH, 
India) were used. 
Vitamins studied 
Water-soluble vitamins used in the present study include folic acid (V)); 
cyanocobalamin (V2); thiamine (V3); ascorbic acid (V4); pyridoxine (V5) and 
riboflavin (Ve). 
Test solutions 
1% Aqueous test solutions of all vitamins (except cyanocobalamin, 
0.5%) were used. 
Detector 
Iodine vapours were used to detect vitamins. 
Stationary phase 
The following stationary phases were used 
Code 
S7 
Stationary phase 
Silica gel 'G' slurry in 1% CTAB 
Silica gel 'G' slurry in 1% CPC 
Silica gel 'G' slurry in 1% CPB 
Silica gel 'G' slurry in 0.00001% SDS 
Silica gel 'G' slurry in 0.001% SDS 
Silica gel 'G' slurry in 0.01% SDS 
Silica gel 'G' slurry in 0.1% SDS 
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Sg 
S9 
Sio 
s„ 
S12 
S,3 
Silica gel 'G' slurry in 1% SDS 
Silica gel 'G' slurry in 1% SDC 
Silica gel 'G' slurry in 1% DBS 
Alumina slurry in 0.01% SDS 
Cellulose slurry in 0.01% SDS 
Kieselguhr slurry in 0.01% SDS 
Mobile phase 
The following mobile phases were used 
Code 
Ml 
M2 
M3 
M4 
M5 
M6 
M7 
Mg 
M9 
Mobile phase 
0.0001% Cween 80 
0.001% Cween 80 
0.01% Cween 80 
0.1% Cween 80 
1% Cween 80 
0.1% Cween 20 
0.1%Brij35 
0.1% TX-100 
0.1%Tween20 
Preparation of TLCplates 
(a) Plain silica gel thin layer plates: The plain silica gel TLC plates' were 
prepared as described in chapter 6. 
(b) Surfactant impregnated TLC plates: Impregnated TLC plates were 
prepared by mixing silica gel with aqueous surfactant solution in 1:3 
ratio with constant stirring until a homogeneous slurry was obtained. 
Thin layers of resultant slurry were prepared by following the method as 
described in chapter 6. 
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Procedure 
Thin layer chromatography was performed on unimpregnated (OT plain) and 
impregnated (with CTAB, CPC, CPB, SDS, SDC, or DBS) silica gel layers in glass jars. 
Test solutions (0.1 ^L) were ^plied by means of micnpipette about 2 cm above the 
lower edge of the plates and the chromatogra|*y was perfcamed as described in chapta 
6. After development, the plates were dried at 60°C and then kept in iodine chamber to 
locate the positicMi of vitamins (thiamine, ascorbic acid, pyridoxine) vdiile folic acid, 
cyanocobalamin and riboflavin are self detected and the Rp values were calculated. 
Separation 
For the mutual separation, equal volumes (1.0 mL each) of Vi, V2, V3, V5 and 
V6 were mixed and 02 jiL of the resultant mixture was loaded on 0.01% SDS 
impregnated silica (Se) TLC plates. The plates were developed with 0.1% Cw 80 (M4) 
as mobile phase. The spots were detected by iodine vapors and the Rp values of the 
separated vitamins were determined. 
Interference 
For investigating the effect of amines, inorganic anions and metal cations on the 
mobility of vitamins, an aliquot (0.2 |JL) of fweign substance (1% aqueous soluticwi of 
cations or anions and 1% alcdiolic solution of amines) was spotted along with the 
mbcture (0.2 pL) of Vj, V2, V3, V5 and Ve. The chrcanatogr^hy was perf(wmed with Sfi-
M4 (stationary phase, 0.01% SDS impregnated silica gel and mobile phase, 0.1% Cw 
80) system. The spots were detected and the Rp values of vitamins were determined. 
Chronuaographicparameiers 
For checking the stability of the nuxture equal volumes of Vj, V2, V3, V5 and Ve 
were mixed and 0.2 ^L of the resultant mixture (analyte sample) was loaded on 0.01% 
SDS impregnated and the TLC plates were developed with mobile phase M4. The plates 
were dried at 60°C and spots were detected by iodine vapors. Tliis process was repeated 
by spotting the same analyte sample at the interval of 24 hour ior five days. The 
chromatogr^hic parameters such as ARp (difference in the Rp values of two adjacent 
spots, detamined as Rp value of higjier spot - Rp value of lower spot), a (sq)aration 
factor), Rs (resolution) and standard deviation woe determined. 
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Detection and dilution limits 
The detection and dilution limits of V], V2, V3, V5 and Vf, were 
determined as described in chapter 6, using S6-M4 system. 
7.3 RESULTS AND DISCUSSION 
The present study has following interesting features: 
(i) Use of novel surfactant mediated TLC system comprising of anionic 
surfactant (SDS) in silica gel stationary phase with nonionic surfactant 
(cween 80) in mobile phase in the analysis of vitamins, 
(ii) On plate identification and simultaneous separation of folic acid, 
cyanocobalamin, thiamine, pyridoxine and riboflavin, 
(iii) Separation of vitamins (folic acid + cyanocobalamin + thiamine + 
pyridoxine + riboflavin) in the presence of impurities, 
(iv) Chromatographic parameters like ARp, a and Rs for the separated 
vitamins were calculated. 
(v) Detection and dilution limits were determined for the separated 
vitamins. 
In present study, following TLC systems were tested with the aim of 
identifying the most favorable system for simultaneous separation of water-
soluble vitamins. 
From the results depicted in Table 7.1 the mobility of six water-soluble 
vitamins on cationic surfactant (CTAB, CPC and CPB) impregnated silica 
stationary phase, using different concentrations (%) of nonionic surfactant 
(cween 80) as mobile phase shows double or tailed spots for ascorbic acid. 
Cyanocobalamin, thiamine and riboflavin shows close Rp values and their 
mutual separation were not possible. On increasing the concentration of cween 
80 in mobile phase from 0.0001% to 1% was found noneffective to induce 
differential migration among vitamins as evident by marginal variation in the Rp 
values of vitamins. Amongst various concentrations of cween 80 examined, 
0.1% cween 80 (M4) was selected for further studies considering the detection 
clarity of vitamins on TLC plates. Cationic surfactant mediated stationary phase 
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yields poorer separations so, to obtain better surfactant mediated stationary 
phase, anionic surfactants were used instead of cationic surfactants. 
In order to investigate the mobihty of vitamins, anionic (1% SDS, SDC 
and DBS) surfactants were talcen in stationary phase with 0.1% cween 80 (M4) 
mobile phase. 
Results listed in Table 7.2 show that anionic surfactant mediated 
stationary phases yield better results in terms of differential migration of 
vitamins compared to cationic-nonionic systems. Folic (Vi) and ascorbic (V4) 
acids migrate with the solvent front as evident from high Rp value (Table 7.2). 
Conversely, thiamine (V3) shows high affinity for stationary phase (i.e. anionic 
surfactant mediated silica layer) and remain close to the point of application (Rp 
= 0.06). Interesting, mid Rp values for pyridoxine (V5) and riboflavin (Vg) 
favors their separations from all other vitamins like Vi, V2 and V3. With this 
TLC system, vitamins follow the following order of decreasing order of 
mobility (i.e. Rp value) V4>Vi>V5>V6>V2>V3. Thus, the present anionic-
nonionic TLC system is more effective to discriminate various vitamins on the 
basis of their migration pattern. As a result several combinations of separation 
of vitamins are available with this system. Among anionic surfactants, for 
ftirther analysis of vitamins SDS was selected and its concentration for 
impregnation was optimized. For this purpose, mobility pattern of vitamins was 
studied at different concentration levels (0.00001 to 1%) of SDS in silica layer 
using M4 mobile phase. From the results shown in Table 7.3, S^ (silica gel 
impregnated with 0.01% SDS) was selected for fiirther study for separation of 
vitamins. The scanning electron microscopic (SEM) images of nonmodified and 
SDS modified silica gel shown in Figures 7.1 A and B clearly demonstrate the 
altered surface morphology of silica phase on impregnation. Figure 7.1 A shows 
that silica gel particles displayed a nearly smooth surface. While, from Figure 
7.IB it is evident that impregnated silica particles displayed the rod shape like 
surface. Therefore, the impregnated silica gel phase is effected to provide some 
unusual separations. 
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In order to broaden the scope of SDS impregnated stationary piiase in 
TLC analysis of vitamins certain commercially available sorbents (alumina, 
cellulose and kieselguhr) impregnated with 0.01% SDS were tested as 
stationary phase for obtaining some new results. As expected, mobility trend of 
vitamins was strongly influenced by the nature of sorbent (Table 7.4). High 
mobilities of cyanocobalamin, thiamine and riboflavin and lowest mobility of 
folic acid or ascorbic acid were obtained on SDS impregnated alumina 
stationary phase. Ternary separations of vitamins can be realized on Sn. On 
SDS impregnated cellulose layer three vitamins (V], V2 and V4) migrate with 
the solvent front, Ve shows mid Rp value and V3 as well as V5 could not be 
detected. Thus, binary separations can be obtained with this system. Poor results 
from the point of view of separation were obtained on kieselguhr as all the 
vitamins move with the solvent front and thiamine was not detected and hence 
no separation was possible. In conclusion chromatographic system comprising 
of 0.01% SDS impregnated silica gel (Se) as stationary phase and 0.1% cween 
80 (M4) as mobile phase was identified most suitable for mutual separation of 
thiamine, cyanocobalamin, riboflavin, pyridoxine and folic acid on single TLC 
plate (Figure 7.2). The substitution of cween 80 by other nonionic surfactants 
(Cw 20, brij 35, TX-lOO and Tw 20) as mobile phase yielded almost similar 
results in respect of mobilities of vitamins irrespective of the nature of nonionic 
surfactant (Table 7.5). 
To widen the applicability of developed TLC system S6-M4, the mutual 
separation of thiamine, cyanocobalamin, riboflavin, pyridoxine and folic acid 
was examined in the presence of impurities (metal cations, inorganic anions and 
amines) as tabulated in Table 7.6. Folic acid could not be detected in the 
presence of Co , NOs", Cu , Al , SO4 and a-naphthylamine while the 
detection of pyridoxine was not possible in presence of Co^ ,^ CL, Al^ * and Th"*^ . 
Al interferes in the detection of thiamine. In the presence of Hg five-
component mixture of vitamins (V1+V2+V3+V4+V5+V6) was not resolved into 
its components and hence the separation is hampered. All vitamins co-migrate 
in the presence of Hg^ .^ 
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In order to present a clear picture of the mutual separation of five water-
soluble vitamins using S6-M4 system, the chromatographic parameters such as 
ARF (RF value of high spot - RF value of lower spot), a (separation factor) and 
Rs (resolution) were calculated for the separation of following pairs: 
(a) Thiamine and cyanocobalamin 
(b) Cyanocobalamin and riboflavin 
(c) Riboflavin and pyridoxine 
(d) Pyridoxine and folic acid 
The separation pattern of vitamins was examined with the same mixture 
continuously for 5 days. The numerical values have been encapsulated in Table 
7.7. 
The detection and dilution limits of some vitamins presented in 
Table 7.8 indicate that the proposed method is highly sensitive for detecting 
vitamins at trace level. 
7.4 CONCLUSION 
The proposed new thin layer chromatographic system involving the use 
of impregnation of the stationary phase with an anionic surfactant, 0.01% 
sodium dodecylsulphate (SDS), and a nonionic surfactant, cween 80, as the 
mobile phase has afforded good result for the separation of water-soluble 
vitamins. It is most suitable for the identification and mutual separation of 
thiamine, cyanocobalamin, riboflavin, pyridoxine and folic acid fi-om their five-
component mixtures. The proposed method is sensitive for detecting vitamms at 
trace level. 
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Table 7.2: Rp value of water-soluble vitamins on different stationary phase using 
0.1% cween 80 as mobile phase 
Vitamins 
V, 
V2 
V3 
V4 
Vs 
V6 
Sg 
0.91 
0.27 
0.05 
0.95 
0.66 
0.51 
Rp values 
S9 
0.94 
0.27 
0.06 
0.98 
0.66 
0.51 
Sio 
0.92 
0.20 
0.07 
0.97 
0.61 
0.35 
Table 7.3: The mobility of vitamins on different concentration of SDS 
impregnated silica layer using M4 mobile phase 
Vitamins 
V, 
V2 
V3 
V4 
V5 
V6 
Rp values 
S4 
0.99 
0.20 
0.08 
0.99 
0.71 
0.45 
Ss 
0.99 
0.22 
0.08 
0.99 
0.68 
0.39 
S6 
0.99 
0.20 
0.05 
0.99 
0.70 
0.42 
S7 
0.99 
0.21 
0.07 
0.99 
0.62 
0.33 
Ss 
0.91 
0.27 
0.05 
0.95 
0.66 
0.51 
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Table 7.4: Effect of different adsorbent on the Rp value of water-soluble vitamins 
using M4 mobile phase 
Vitamins 
V, 
V2 
V3 
V4 
V5 
V6 
Sn 
0.02 
0.99 
0.99 
0.03 
0.24 
0.92 
RF values 
S12 
0.97 
0.95 
ND 
0.99 
ND 
0.44 
Si3 
0.99 
0.97 
ND 
0.99 
0.92 
0.95 
ND = Not detected 
Table 7.5: Effect of difTerent nonionic mobile phase with 85 stationary phase on 
separation of vitamins 
Vitamins 
Vi 
V2 
V3 
V5 
V6 
RF values 
M4 
0.99 
0.20 
0.05 
0.70 
0.42 
M6 
0.99 
0.20 
0.05 
0.67 
0.37 " 
M7 
0.99 
0.20 
0.04 
0.65 
0.38 
Ms 
0.99 
0.15 
0.04 
0.65 
0.31 
M9 
0.99 
0.19 
0.04 
0.68 
0.37 
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Table 7.6: Separation of vitamins in the presence of impurities on SDS (O.Oiyo) 
pre-impregnated silica phase (Sg) using cween 80 (0.1%) (M4) as mobile phase 
Impurities 
S04^' 
SCN-
cr 
NO3 
Ba^^ 
Co^^ 
Cu^^ 
Zn^^ 
Hg^^ 
Cr^ ^ 
Li" 
Tf 
Ni^" 
Al^" 
Th^" 
Pb^" 
Methylamine 
Diphenylamine 
a-Naphthylamine 
Tert-butylatnine 
Tri-n-butylamine 
R F values 
V, 
ND 
0.99 
0.99 
ND 
0.99 
ND 
ND 
0.99 
V2 
0.16 
0.16 
0.17 
0.20 
0.20 
0.17 
0.19 
0.18 
V3 
0.05 
0.05 
0.04 
0.04 
0.05 
0.04 
0.06 
0.05 
V5 
0.68 
0.70 
ND 
0.64 
0.74 
ND 
0.66 
0.66 
V6 
0.36 
0.37 
0.38 
0.37 
0.46 
0.39 
0.43 
0.44 
No Separation 
0.99 
0.99 
0.99 
0.99 
ND 
0.99 
0.98 -
0.99 
0.96 
ND 
0.91 
0.94 
0.14 
0.18 
0.18 
0.18 
0.09 
0.15 
0.16 
0.19 
0.16 
0.22 
0.22 
0.23 
0.06 
0.05 
0.06 
0.05 
ND 
0.02 
0.52 
0.06 
0.06 
0.05 
0.07 
0.07 
0.67 
0.72 
0.66 
0.61 
ND 
ND 
0.67 
0.67 
0.66 
0.62 
0.68 
0.63 
0.36 
0.41 
0.37 
0.39 
0.37 
0.39 
0.42 
0.34 
0.36 
0.37 
0.51 
0.43 
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Table 7.7: ARp, a and Rs values for the separation on 0.01% SDS impregnated 
silica layer ($5) using 0.1% cween 80 as mobile phase 
Validation 
parameters 
ARFI 
ARF2 
ARF3 
ARF4 
ai 
0.2 
as 
a4 
Rsi 
RS2 
RS3 
Rs4 
Number of days 
1 
0.15 
0.21 
0.29 
0.29 
4.75 
2.78 
3.35 
42.43 
1.50 
1.35 
2.15 
5.13 
2 
0.14 
0.22 
0.28 
0.30 
4.46 
2.96 
3.20 
44.48 
1.47 
1.47 
2.00 
4.88 
3 
0.16 
0.21 
0.26 
0.31 
5.05 
2.72 
2.93 
46.59 
1.60 
1.40 
1.93 
5.08 
4 
0.14 
0.20 
0.30 
0.29 
3.92 
2.67 
3.50 
42.43 
1.40 
1.21 
2.07 
5.18 
5 
0.15 
0.20 
0.31 
0.28 
4.75 
2.67 
3.67 
40.44 
1.50 
1.29 
2.30 
5.00 
ARpi =RF value of cyanocobalamin minus RF value of thiamine, 
ARF2 = RF value of riboflavin minus RF value of cyanocobalamin, 
ARF3 = RF value of pyridoxine minus RF value of riboflavin, ARF4 = RF value of ascorbic 
acid minus pyridoxine, a = Separation factor. 
a i= 
K 
K ^ a ^ a ^ withK™an,i„e= ^ ^F(TT.ian,.es) ^ ^ 
•• Cyanocobala min 
^Ml^yanocobalamin ~ 
R 
1-R 
R 
F(Cyanocobala min) 
F(Cyanocobala min) 
F(Thiamine) 
a2 = 
K Cyanocobalamin 
K as = Riboflavin 
K 
K 
Riboflavin 
Pyridoxine 
04 = 
K 
" Pyridoxine 
Ascorbic Acid 
Rs = Resolution, R, 1.AR, 0j[d Spoil " ' ' " S p o t 2 ) 
dspoti and dspot2 are the diameters of the two spots whose resolution is to be 
determined, 1 is the migration length of the mobile phase from the point of sample 
application. 
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Table 7.8: Detection and dilution limits of some vitamins achieved on S6-M4 
system 
Vitamins 
Folic acid 
Cyanocobalamin 
Thiamine 
Pyridoxine 
Riboflavin 
Lower limit of detection (|tg) 
1 
0.08 
0.05 
0.5 
0.5 
^1 ^ . _ _ . . . 1 . . • , / ^ 6 ^ / FT • • . 
Dilution limit 
1:0.1x10'' 
1:1.25x10^ 
1:2.0x10'' 
1:0.2x10^* 
1:0.2x10'* 
Figure 7.1: SEM images of pure silica gel and silica gel impregnated with SDS 
surfactant. 
(A) Pure silica gel 
(B) SDS impregnated silica gel 
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E 
o 
o 
E 
o 
eg 
—Folic acid 
Pyridoxine 
Riboflavin 
Cyanocobalamin 
Thiamine 
Figure 7.2: Separation of vitamins from their mixture (thiamine + 
cyanocobalamin + riboflavin + pyridoxine + folic acid) on SDS impregnated silica 
layer (S6) and developed with cween 80 
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SPECIFIC SEPARATION OF THIAMINE FROM HYDRDPHIUC 
VITAMINS WITHAaUEOUSmXANEONPRECDATEO SILICA 
TLCPLATES 
CHapterS 
8.1 INTRODUCTION 
According to the literature, thin layer chromatography (TLC) in its 
normal and reversed-phase modes has been found useful for the identification 
and separation of vitamins [1-5]. The mobile phases frequently used in the 
analysis of hydrophilic as well as lipophilic vitamins include mixed organic or 
aqueous-organic solvents [6, 7]. The work documented on TLC analysis of 
vitamins reveals that most of the studies have been performed using methanol, 
ethanol, butanol, acetone, chloroform, ammonia, pyridine, benzene and toluene 
as one of the components of mobile phases in combination with sorbents such 
as silica gel, heulandite, lichrospher, cellulose and surface modified silica gel 
[8-13]. For reversed-phase TLC of hydrophilic and lipophilic vitamins, 
kieselguhr and cellulose impregnated with 10% paraffin oil [14, 15], RP-18 [5] 
and RPI8WF254 HPTLC plates [16] have been used with mixed aqueous-
organic mobile phase systems. Perisic-Janjic, Petrovic and Hadzic have 
analysed fat-soluble vitamins on starch, cellulose and talc thin layers 
impregnated with paraffin oil using two different solvents i.e. water-dioxane-
acetone-formaldehyde and acetone-concentrated acetic acid [17]. 
Taking into consideration of all the above facts, we decided to use 
dioxane with water (i.e. aqueous dioxane) as mobile phase for the analysis of 
hydrophilic vitamins on silica gel 6OF254 HPTLC plates. As far as we are aware, 
dioxane-water system has not been used as mobile phase for TLC analysis of 
vitamins. The present communication deals with the use of dioxane-water 
system (1:1, v/v) for the specific separation of thiamine hydrochloride from 
riboflavin, nicotinic acid, calcium D-pantothenate, pyridoxine hydrochloride, 
cyanocobalamin and ascorbic acid on silica HPTLC plates. 
8.2 EXPERIMENTAL 
Apparatus 
Rectangular twin trough chamber with stainless steel lid (Desaga, 
Germany), UV instrument (Model S.L.W., Advance Research Instruments Co. 
India) were used for development and detection of spots respectively. 
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Chemicals and reagents 
Silica gel 6OF254 'HPTLC plates 1.05554 (Merck, Germany); 
acetonitrile, dimethyl sulphoxide (DMSO), 1, 4 dioxane, ethylacetate acetone 
and pyridoxine hydrochloride (B^) (Merck, India); hexane (S.D. Fine Chemicals 
Ltd., India); butan-2-one and butanol (Qualigens, India); 1-pentanol (Fluka, 
India); 2-propanol, thiamine hydrochloride (Bj), riboflavin (B2), nicotinic acid 
(B3), calcium D-pantothenate (B5), cyanocobalamin (B^), ascorbic acid (C) and 
folic acid (CDH, India) were used. 
Test solution 
0.2% aqueous solution of cyanocobalamin and riboflavin were used. All 
other vitamins were taken as 0.5% aqueous solutions. 
Stationary phase 
Silica gel 60F254'HPTLC'plates. 
Mobile phase 
The following mobile phases were used 
Code 
M, 
M2 
M3 
M4 
M5 
M6 
M7 
Mg 
M9 
Mio 
M„ 
M,2 
Mi3 
Components 
Acetonitrile 
Ethylacetate 
Hexane 
Acetone 
Butan-2-one 
DMSO 
Butanol 
1-Pentanol 
2-Propanol 
1, 4 Dioxane 
1, 4 Dioxane:water( 1:1 ,v/v) 
1,4 Dioxane:water( 1:2,v/v) 
1,4 Dioxane:water(2:l,v/v) 
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Procedure 
Precoated silica plates were activated at 50 ± TC for 30 minutes in an 
electrically controlled oven. After activation, the plates were cooled at room 
temperature (25 ± TC) and stored in a closed chamber at room temperature 
before use. 
Test solutions (0.015 p.L) were applied on HPTLC plates with the help 
of micropipette (Tripette, Germany) approximately about 1.0 cm above the 
lower edge of the plates. The spots were completely dried and the plates were 
developed in the chosen system by one dimensional ascending technique in a 
rectangular twin trough chamber. The solvent ascent was fixed to 5.0 cm from 
the origin in all cases. After development, the plates were withdrawn from 
rectangular chamber and dried at 50° C in an oven. The plates were kept in UV 
radiation to locate the position of vitamins (thiamine hydrochloride, B3, B5, B^ 
and C) while folic acid, cyanocobalamin and riboflavin are self detected. The 
RF values were calculated from the values of RL (RF of the leading front) and Rj 
(RF of the trailing front). 
R F = 0 . 5 ( R L + RT) 
Separation 
For the mutual separation, equal volumes (1.0 mL each) of thiamine 
hydrochloride, B2, B3, B5, Bg, B12 and C were mixed and 0.2 i^L of the resultant 
mixture was loaded on HPTLC plates. The plates were developed with (1:1, v/v) 
dioxane:water (MM) as mobile phase .The spots were detected and the Rp values 
of the separated vitamins were determined. 
Interference 
For investigating the effect of inorganic anions and metal cations on the 
separation of thiamine hydrochloride (Bi) from multicomponent mixture of 
other vitamins, an aliquot (0.2 ^L) of foreign substance (1% aqueous solution 
of cations or anions) was spotted along with the mixture (0.2 |iL) of thiamine 
hydrochloride + Bi + B3 + B5 + Be + B12 + C. Chromatography was performed 
and the spots were detected, the Rp values of thiamine hydrochloride was 
determined. 
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Detection and dilution limit 
The detection and dilution limit of thiamine hydrochloride was 
determined as described in chapter 6, on HPTLC plates using Mu mobile phase. 
Relative standard deviation 
For checking repeatability of Rp, equal volumes of vitamins thiamine 
hydrochloride, 62,63,65, 65, B12 and C solutions were mixed and 0.2 ^L of the 
resultant mixture was loaded on silica HPTLC plate. The plate was developed 
with dioxane.water (1:1, v/v) (Mu) and spots were visualized in UY radiation. 
The same process was repeated five times with the prepared mixture by the 
same analyst within a day (short interval of time) and Rp values of separated 
vitamins were calculated. 
8.3 RESULTS AND DISCUSSION 
The results of this study have been summarized in Tables 8.1-8.4 and 
Figures 8.1 and 8.2. Chromatography of eight hydrophilic vitamins (thiamine 
hydrochloride, B2, B3, B5, Bg, B12, C and folic acid) was performed on silica gel 
6OF254 HPTLC using thirteen organic mobile phase systems and spots were 
visualized under UV radiation. The results are presented in Table 8.1. Vitamins 
show strong affinity for silica stationary phase with little mobility in acetonitrile 
(Ml), ethylacetate (M2), and hexane (M3) mobile phases. In ketones like acetone 
(M4) and butan-2-one (M5), thiamine hydrochloride, B12 and folic acid remain 
close to the point of application. Vitamins (B2, Be and C) show medium Rp 
values in acetone and hence they can be separated from other vitamins. 
Similarly, a reasonable mobility of Be, B2 (double spot), B3 and B5 in butan-2-
one facilitate their separation from folic acid, thiamine hydrochloride, B12 and C 
which stayed at the point of application. In DMSO (M^), all vitamins except 
thiamine hydrochloride (Rp = 0.13) moved with the solvent front. Thus, 
thiamine hydrochloride can be separated from other vitamins except Bg which 
could not be detected on TLC plate in this solvent system. In alcoholic mobile 
phases such as butanol (M7), 1-pentanol (Mg) and 2-propanol (M9), folic acid, 
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Bi2 and thiamine hydrochloride (except B ^ in 2-propanoi) remain close to the 
application point. Other vitamins in these mobile phases show low or medium 
Rp values. In dioxane (Mio), folic acid, thiamine hydrochloride, B3, B5 and B12 
show no or low mobility, B^ has high mobility and vitamin C exhibits medium 
Rp value. 
In order to examine the effect of water in combination of organic solvent 
on the mobility of vitamins, the chromatography of all vitamins was performed 
with aqueous dioxane system (dioxane:water, 1:1, 2:1 and 1:2, v/v) and the 
obtained results are presented in Table 8.2. With aqueous dioxane, folic acid is 
the only vitamin which shows badly tailed spot from the point of application to 
the solvent front. Addition of water in dioxane increases the mobility of 
vitamins and the formation of double spots of B2 in dioxane (Mio) was 
converted into a single compact spot in aqueous dioxane systems (Mu-Mis). In 
mobile phase My, there is specific separation of thiamine hydrochloride from 
B2, B3, B5, Bs, B12 and C (Figure 8.1) and this mobile phase (Mn) 
dioxane:water was selected for further studies. 
To widen the applicability of developed TLC system (silica gel HPTLC 
plates with M]i)the separation of thiamine hydrochloride from other vitamins 
(B2, B3, B5, 85, B12 and C) was examined in the presence of metal cations and 
inorganic anions. The results are presented in Table 8.3. Thiamine 
hydrochloride shows marginal increase in the Rp value in the presence of Cu^ ,^ 
Zn^^ Th^\ Ni^^ Pb^^ Ba^ ,^ T\\ Li", Cr, SCN", NO3- and S04^. In the presence 
of Al^^, Co^^ and VO^^, the mobility of thiamine hydrochloride tended to 
increase. All other vitamins present in the sample mixture shows Rp value in the 
range 0.70 to 0.94 in the presence of impurities. In Table 8.4, separations 
achieved experimentally using different mobile phases are listed. All these 
separations are important from the point of view of analysis of multivitamin 
formulations. 
The detection and dilution limits of thiamine hydrochloride were 0.09 i^ g 
and 1.7 x 10^  respectively. The relative standard deviation of thiamine 
hydrochloride as determined was 14.99%. 
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The applicability of the proposed method (silica gel 6OF254 HPTLC 
plates using Mu, dioxane.water system) for the identification of thiamine 
hydrochloride in pharmaceutical formulation was also tested and the results are 
shown in Figure 8.2. It is clear that the proposed method can be successfully 
applied to the identification of thiamine hydrochloride with preliminary 
separation from other components on HPTLC plate. 
8.4 CONCLUSION 
The thin layer chromatographic system comprising of silica gel 6OF254 
HPTLC as stationary phase and dioxane:water (1:1, v/v) as mobile phase has 
been identified for specific separation of thiamine hydrochloride from B2, B3, 
B5, Be, B12 and C. The proposed method could be applied for the identification 
of thiamine in drug samples. 
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Table 8.1; Rp values of vitamins on silica gel 6OF2S4 HPTLC plates developed with 
different organic mobile phases 
Vitamins 
Thiamine 
hydrochloride 
B2 
B3 
B5 
B6 
B12 
C 
Folic acid 
Ml 
0.00 
0.24 
0.08 
0.08 
0.20 
0.00 
0.03 
0.00 
M2 
0.00 
0.00 
0.15 
0.15 
0.09 
0.00 
0.06 
0.00 
Mobile 
M3 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
M4 
0.08 
0.52 
0.19 
0.19 
0.43 
0.13 
0.33 
0.00 
Ms 
0.00 
0.62, 
0.11(D) 
0.38 
0.40 
0.29 
0.00 
0.00 
0.00 
phase 
M6 
0.13 
0.96 
0.95 
0.95 
ND 
0.97 
0.99 
0.97 
M7 
0.00 
0.27 
0.19 
0.20 
0.55 
0.00 
0.25 
0.00 
Ms 
0.00 
0.16 
0.21 
0.22 
0.38 
0.00 
0.18 
0.00 
M9 
0.00 
0.40 
0.87 
0.87 
0.75 
0.28 
0.44 
0.20 
M,o 
0.00 
0.19, 
0.83(D) 
0.28 
0.27 
0.82 
0.07 
0.45 
0.00 
ND = Not detected, D = Double spot 
Table 8.2: Rp values of vitamins on silica gel 6OF254 HPTLC plates using different 
ratios of dioxane:water (1:1,1:2,2:1) as mobile phase 
Vitamins 
Thiamine hydrochloride 
B2 
B3 
B5 
B6 
B12 
C 
Folic acid 
' = Tailed spot 
Ml, 
(0.00) 0.03 
(0.19,0.83,D) 0.95 
(0.28) 0.93 
(0.27) 0.93 
(0.82) 0.84 
(0.07) 0.98 
(0.45) 0.98 
(0.00) 0.50T 
M12 
0.06 
0.92 
0.90 
0.90 
0.81 
0.92 
0.97 
0.50T 
Mi3 
0.10 
0.89 
0.86 
0.87 
0.81 
0.89 
0.92 
0.50T 
Values in bracket are those obtained in dioxane in the absence of water. 
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Table 8.3: Separation of thiamine from other vitamins in the presence of 
impurities (metal cations and inorganic anions) on silica gel HPTLC using 
dioxane:water (1:1, v/v) as mobile phase 
Impurities 
Cu^^ 
Zn^^ 
Al^ " 
Th'*" 
Ni^ ^ 
Pb'" 
Co^^ 
Ba^" 
Tl* 
VO'" 
Li" 
cr 
sc>r 
NO3" 
so/-
Thiamine(RF) 
0.06 
0.07 
0.13 
0.07 
0.09 
0.08 
0.17 
0.07 
0.08 
0.10 
0.07 
0.08 
0.07 
0.05 
0.07 
B2 +B3+B5+B6 +B12 +C (RF) 
0.92 
0.91 
0.91 
0.92 
0.91 
0.91 
0.92 
0.93 
0.94 
0.93 
0.89 
0.91 
0.92 
0.91 
0.91 
Table 8.4: Other separation of vitamins achieved on silica gel 6OF254 HPTLC 
plates developed with different mobile phases 
Mobile phase 
M4 
Me 
M9 
Separation (Rp) 
Folic acid (0.00)-B2 (0.52) 
Bi (0.08)-B2 (0.52) 
Bi (0.13) - Folic acid (0.97) or Bn (0.97) or C (0.99) or B2 
(0.96) or B5 (0.95) or B3 (0.95) 
B, (0.00) - B2 (0.40) or B3 (0.87) or B5 (0.87) or Bg (0.75) or C 
(0.44) 
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A 
Figure 8.1: Identification and separation of thiamine from the mixture of 
vitamins (B2 + B3 + B5 + Bg + Bn + C) on silica HPTLC plates developed with 
mobile phase Mti 
A -Spot of thiamine and B —spot of other vitamins (B2 + B3 + B5 + B6 + B12 + C) 
©(bOOOo 
1 2 3 4 5 6 
Figure 8.2: Identification and separation of thiamine in drug samples on silica 
HPTLC plates developed with mobile phase Mn 
C —Spot of thiamine, D and E —Spots of other components and vitamins present 
in drugs samples (1) Astymin Forte, (2) Nutrisan, (3) Supradyn, (4) Alamin M 
Forte, (5) Riconia and (6) Becozyme C Forte 
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A New TLC System for Specific Separation of L-Arginine 
from Other Non Essential Amino Acids 
A. Mohammad and A. Zehra 
Abstract 
A TLC system comprising silica layer impregnated with 0.00IM of 
sodium dodecyl sulphate (SDS) as stationary phase and borate phosphate buffer 
(pH 2.3) as mobile phase was identified as most favorable system for specific 
separation of L-arginine from all other non essential amino acids (L-alanine, D-
alanine, DL-alanine, DL-aspartic acid, L-cysteine, L-glutamic acid, D-glutamic, 
glycine, L-proline, L-serine, L-tyrosine and L-arginine). Effects of sample pH 
and the presence of amines as impurities in the sample were examined for the 
separation of L-arginine from L-serine and L-tyrosine. It was possible to separate 
microgram amounts of L-arginine from milligram amounts of L-serine and L-
tyrosine and vice-versa. L-Arginine shows stronger binding with SDS treated 
silica gel compared to its retention by non-impregnated (or plain) siliqa gel layer. 
Keywords: thin layer chromatography, amino acids, surfactants, separation, sodium 
dodecyl sulphate. 
L Introduction 
The separation and identification of amino acids has been performed by 
thin layer chromatography (TLC) on a variety of sorbent phases [1-23], Of the 
sorbent phases utilized, silica gel has been the most favored layer material [4-6, 
•Analytical Research Laborator, Department of Applied Chemistry, Faculty of Engineering & 
Fechnology, Aligarh Muslim University, Aligarh (India), e-mail: mohammadali4u(a),rediffmaiLcom 
To whom the correspondence should be addressed. 
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24-31]. However, in order to achieve efficient chromatograpiiic performance in 
terms of rapidity, selectivity and resolution, new surface modified sorbents are 
being developed. During the survey of literature on TLC separation of amino 
acids, we identified four major types of layer materials currently in use: 
(i) Non-rnodified pure conventional sorbents (silica gel, alumina, 
cellulose, polyamide etc.). 
(ii) Adsorbents impregnated with certain organic substances (8-
hydroxyquinoline, pyridinium tungstoarsenate, 
dodecylbenzenesulfonic acid), metal ions (Cu ,^ Zn ,^ Cd"^, Hg \ Co'^ 
and Fe^^), inorganic anions (Cf, Br", I", PO4 ~, SO4 ~, CH3COO"), 
organometallics (Cu-proline complex) and chiral selector [(-)-brucine, 
(-)- ascorbic acid, (+)- tartaric acid, etc.]. 
(lii) Synthetic inorganic ion exchange materials (Amberlite CG-120) and 
cellulose derivatives (DEAE-cellulose, CM cellulose and cellulose 
SF). 
(iv) Mixed adsorbents containing a mixture of two conventional layer 
materials with or without a binder (antimony (V) phosphate + silica 
gel), 
(v) Chiral, achiral and reversed- phase stationary phases. 
TLC of amino acids performed on impregnated layers has been reviewed by 
Bhushan [5], Gasparic [32] and J. Sharma et al [33]. The impregnation of stationary phase 
can be brought about by (a) adding the impregnation reagent to the adsorbent slurr>' 
(called "precoating method"), (b) spraying impregnant solution on TLC plates, (c) 
exposing the layer, the vapors of the impregnating reagent and (d) allowing the impregnant 
solution to ascend in a normal manner of development (called "post coating or immersion 
method"). In the present study impregnated layers were prepared by post coating method. 
The enhanced selectivity and improved resolution of impregnated layers for analytes may 
be attributed to the decisive role of impregnating agent in ion pairing, complex formation, 
charge transfer, ligand or ion exchanging and hydrogen bonding processes during 
chromatography. 
In general, TLC of amino acids and their derivatives on impregnated layers [34-
35] has been performed with mixed organic and aqueous-organic solvent systems. None of 
the above cited studies reports the use of silica gel impregnated with surfactants in 
combination with buffer solutions as eluent in the analysis of amino acids. This 
communication describes an attempt to explore the possibility of developing new TLC 
systems for selective separation of amino acids on silica gel impregnated with different 
surfactants. As a resuU, we have identified a simple TLC system comprising silica gel 
impregnated with sodium dodecyl sulphate (SDS), an anionic surfactant as stationary 
phase and aqueous borate phosphate buffer (pH 2.3) as mobile phase for specific 
separation of arginine from other non essential amino acids, specially from serine and 
tyrosine which have identical pKa values. The pKai value of arginine, serine and tyrosine 
is 2.2 whereas their pKa2 values are 9.0, 9.1 and 9.2 respectively. Additionally, all these 
amino acids belong to the same group of amino acids containing neutral polar side chain. 
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II. Experimental 
All experiments were perfonned at 30 + 2°C apparatus. 
Apparatus: 
A TLC applicator (Toshniwal India) was used for coating silica gel on 20 x 3.5cm 
glass plates. The chromatography was performed in 24x6cm glass jars. A glass sprayer was 
used to spray reagent on the plates to locate the position of the spot of analyte. 
Chemicals and reagents: 
Silica gel 'G', boric acid, sodium hydroxide, ninhydrin, trioctylamine and 
methanol (Merck, India); sodium dodecylsulphate (SDS) and diphenylamine (BDH, India); 
cetylpyridinium chloride (CPC), Amino acids, N-cetyl-N,N,N-trimethyl ammonium 
bromide (CTAB) and triton xlOO (TxlOO) (CDH, India); m and p-phenylenediamine 
(LOBA-Chemie, India);tri-n-butylamine and tert-butylamine (S.D. Fine Chemicals Ltd., 
India); phosphoric acid (Glaxo, India) were used. 
Amino acids studied: 
The following non-essential amino acids [36] were studied-
Name of amino acid Abbreviation 
(A) With aliphatic side chain 
L-Alanine 
D-Alanine 
DL-Alanine 
Glycine 
(B) With side chains containing acidic groups 
DL- Aspartic Acid 
L- Glutamic Acid 
D- Glutamic Acid 
(C) With side chains containing sulfur atoms 
L- Cysteine 
(D) With immo group. 
L- Proline 
(E) With acid chains containing hydroxylic (OH) group 
L- Serine 
L- Tyrosine 
(F) With side chains containing basic groups. 
L- Arginine 
L-Ala 
D-Ala 
DL-Ala 
Gly 
DL-Asp 
L-Glu 
DL-Glu 
L-Cys 
L-Pro 
L-Ser 
L-Tyr 
L-Arg 
Test solutions: 
All the test solutions (1%) of amino acids were prepared in de-mineralized double 
distilled water. 
Detector: 
0.3% Ninhydrin solution in acetone was used to detect all the amino acids. 
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Stationary phase: 
Code Stationary phase 
S, Silica gel 'G' 
$2 Silica gel impregnated with SDS (0.0IM) 
53 Silica gel impregnated with SDS (0.001M) 
54 Silica gel impregnated with SDS (0.0001M) 
55 Silica gel impregnated with CPC (0.00003M) 
56 Silica gel impregnated with CTAB (0.0001M) 
S7 Silica gel impregnated with Tx-IOO (0.0001M) 
Mobile phase: 
Following borate phosphate buffer systems prepared from various 
combinations of boric acid (0.04M), phosphoric acid (0.04M) and NaOH (0.24M) 
were used as mobile phase. 
Code Mobile Phase 
M| Borate phosphate buffer (pH 2.3) 
M2 Borate phosphate buffer (pH 5.38) 
M3 Borate phosphate buffer (pH 9.04) 
Preparation of TLC Plates: 
(a) Plain silica gel thin layer plates 
The plates were prepared by mixing silica gel into water in 1:3 ratios with 
constant shaking until homogeneous slurry was obtained. The resultant slurry was 
applied on glass plates with the help of a Toshniwal applicator to give a 0.25mm 
thick layer. The plates were dried in air at room temperature and then activated 
by heating for 1 hour at 100 + 5°C in an electrically controlled oven. The 
activated plates were stored in a close chamber at room temperature until used. 
(b) Impregnated TLC plates 
The activated silica gel plates were impregnated with desired 
concentrations, given in parenthesis of SDS (O.OIM, O.OOIM, and O.OOOIM), CPC 
(0.00003M), CTAB (O.OOOIM) and'Tx-100 (O.OOOIM) by developing silica gel 
plates in aqueous solution of impregnant, followed by drying of the plates at 
100°C in an electrically controlled oven for 1 hour. 
Procedure: 
Test solutions (1.0|i,l) were applied by means of micropipettes (Tripette, 
Germany) approximately about 2.0cm above the lower edge of the plates. The 
plates were developed in the chosen solvent system by the ascending technique. 
The solvent ascent was fixed to 10 cm in all cases. After development was 
complete, the plates were withdrawn from glass jars and dried at room 
temperature followed by spraying v/ith freshly prepared ninhydrin solution. All 
amino acids except L-Pro appeared as violet spots on heating TLC plates for 15-
20 minutes at 60°C. L-Pro produces yellow spots. The RL (Rp of leading front) 
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and RT (RF of trailing front) values for each spot were determined and the Rp 
value was calculated as: 
' 10 
Separation: 
For the mutual separation, equal volumes (1.0 ml each) of L-Arg, L-Ser 
and L-Tyr were mixed and 1 .Op,l of the resultant mixture was loaded on the TLC 
plates (S3). The plates were developed with mobile phase Mi, the spots were 
detected and the Rp values of the separated amino acids were determined. 
Interference: 
Investigating the effect of amines on the mobility of amino acids is an 
important aspect as all amino acids contain ami-no group (-NH2) except L-Pro 
which bears an imino group (-NH). For investigating the interference of amines 
on separation of L-Arg from L-Ser and L-Tyr, an aliquot (lOfa.1) of foreign 
substance was spotted along with the mixture (lOfil) of L-Arg, L-Ser, and L-Tyr. 
The chromatography was performed on S3 as described above with Mi. The spots 
were detected and the Rp values of amino acids were determined. 
Microgram separation of L-Arg from L-Ser or L-Tyr and vice versa: 
For this study, TLC plate (S3) was first spotted with lOp.1 of the L-Arg 
(10|ig) solution and then with 10|il frOm a series of standard solutions of L-Ser or 
L-Tyr containing 0.1mg-3.0mg per 10 \i\ onto the same TLC plate. 
Simultaneously another TLC plate was first spotted with 10(il of L-Ser or L-Tyr 
(IQi g) solution and then with lODl of the standard solutions containing O.lmg -
1.8mg L-Arg per 10|al onto the same TLC plate. The spots were completely dried 
and the plates were developed with M] and the separated spots were visualized. 
The RL and Rj values were calculated for both the amino acids. 
Effect of sample pH: 
For this study, mixtures of L-Arg, L-Ser and L-Tyr were adjusted to 
different pH values (1.4, 3.8, 9.0 and 11.4) by adding drops of HCl or NaOH 
solution. The resultant samples were chromatographed on S3 using Mi as mobile 
phase and the Rp values of resolved spots were calculated. 
IIL Results and discussions 
The results of the present study have been summarized in Tables 1-4 and 
Figures 1-2. 
The results presented in Table 1 indicate that the mobility of twelve non 
essential amino acids on plain silica gel layer is influenced marginally by the pH 
of borate phosphate buffer systems used as mobile phases. The Rp values of all 
amino acids fluctuate between 0.79 to 0.99 over the entire pH range (2.3-9.04) of 
mobile phase except that of L-Arg for which Rp value increases slightly with the 
increase in pH value of mobile phase. In view of better spot compactness, mobile 
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phase of pH 2.3 was selected for further studies to find out improved separation 
possibilities of L-Arg from other amino acids. 
Table 1. Effect of pH of mobile phase on Rf value of non essential amino acids determined on 
plain (or unimpregnated) silica layer. 
Non essential 
amino acid 
L-Ala 
D-Ala 
DL-Ala 
DL-Asp 
L-Cys 
L-Glu 
D-Glu 
Gly 
L-Pro 
L-Ser 
L-Tyr 
L-Arg 
Rp value 
pH of Mobile phase 
2.3 (Ml) 5.38 (M2) 9.04 (M3) 
0.91 
0.99 
0.94 
0.96 
0.94 
0.97 
0.99 
0.97 
0.84 
0.93 
0.96 
0.68 
0.95 
0.93 
0.92 
0.98 
0.94 
0.97 
0.94 
0.88 
0.81 
0.95 
0.95 
0.70 
0.93 
0.90 T 
0.96 
0.97 
0.94 
0.99 
0.96 
0.95 
0.86 
0.98 
0.92 
0.80 
(T = Tailed spot; RL - RT > 0.3) 
Table 2. Effect of SDS concentration level in the silica gel layer on Rf value of non-essential 
amino acids determined using borate phosphate buffer, pH 2.3 (Mi) as mobile phase. 
Non essential 
amino acid 
L-Ala 
D-Ala 
DL-Ala 
DL-Asp 
L-Cys 
L-Glu 
D-Glu 
Gly 
L-Pro 
L-Ser 
L-Tyr 
L-Arg 
Rp value* 
Concentration of SDS in silica stationary phase 
0.01M(S2) 0.001M(S3) 0.0001M(S4) 
0.97 
0.95 
0.92 
0.98 
0.95 
0.94 
0.98 
0.96 
0.80 
0.95 
0.98 
0.50 
0.95 
0.96 
, 0.90 
0.99 
0.92 
0.95 
0.99 
0.94 
0.79 
0.97 
0.94 
0.45 
0.94 
0.94 
0.97 
0.95 
0.96 
0.99 
0.99 
0.96 
0.87 
0.95 
0.95 
0.52 
(T = TAILED SPOT; RL - RT > 0.3) 
* The value obtained on silica layer impregnated with 0.008M SDS (i.e. SDS 
concentration at CMC) was the same as obtained on S3. 
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Results listed in Table 2 deal with the use of silica stationary phases 
impregnated with SDS at three different concentration levels [i.e. above critical 
micelle concentration, CMC (S2), near CMC (S3) and below CMC (S4)] for the 
chromatography of amino acids. The CMC value of SDS in pure water is 
0.008 IM. These concentration levels of SDS were selected for impregnation, for 
the reasons that below CMC (O.OOOIM SDS), SDS behaves as an electrolyte 
whereas above CMC (O.OIM SDS) it forms micelles and behaves entirely in 
different way as compared to its behavior below CMC. Furthermore, near CMC 
(0.001 M SDS) SDS provides more polar environment compared to the aqueous 
system containing O.OOOIM SDS. The increase in polarity of aqueous media by 
the increase in surfactant concentration has been the most fascinating feature of 
surfactant- mediated mobile phase systems in liquid chromatography. It has been 
reported [37] that an increase in surfactant concentration in the mobile phase 
leads to the increase in adsorbed amount of surfactant monomers on the stationary 
phase, which usually causes a change in selectivity. Our results of Table 2 
demonstrate that variation of SDS concentration from 0.0001 M to O.OIM in the 
stationary phase does not bring about a significant change in the selectivity of 
silica phase and all amino acids except L-Arg travel with the solvent front over 
the entire surfactant concentration range. However, an improved separation of L-
Arg (Rp = 0.45) is emerged out on S3 (0.00IM SDS) treated silica layer. 
To examine the effect of nature of surfactant used as impregnant, cationic 
(CPC and CTAB) and nonionic (TxlOO) surfactants were introduced in silica 
stationary phase by impregnating silica gel with aqueous surfactant solutions 
having concentration near their CMC value. The chromatography of amino acids 
on resultant impregnated phases (S5- S^) was performed using borate phosphate 
buffer pH 2.3 as mobile phase. 
Table 3. Rp value of non-essential amino acids on different stationary phase using Mi (buffer pH 
2.3) as mobile phase. 
Non essential 
amino acid 
L-Ala 
D-Ala 
DL-Ala 
DL-Asp 
. L-Cys 
L-Glu 
D-Glu 
Gly 
L-Pro 
L-Ser 
L-Tyr 
L L-Arg 
s, 
0.91 
0.99 
0.94 
0.96 
0.94 
0.97 
0.99 
0.97 
0.84 
0.93 
0.96 
0.68 
Stat 
S3 
0.95 ' 
0.96 
0.75 
0.99 
0.92 
0.95 
0.99 
0.94 
0.79 
0.95 
0.94 
0.45 
ionary phase" 
S5 
0.94 
0.97 
0.89 
096 
0.93 
0.95 
0.98 
0.90 
0.80 
0.95 
0.90 
0.61 
Se 
0.93 
0.96 
0.80 
0.96 
0.93 
0.90 
0.98 
0.91 
0.73 
0.95 
0.91 
0.62 
S7 
0.97 
0.86 
0.81 
0.99 
0.94 
0.96 
0.98 
0.92 
0.77 
0.98 
0.92 
0.60 
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(T = TAILED SPOT; RL - RT > 0.3) 
^ Si = silica stationary phase, S3 = SDS (0.00IM) impregnated silica layer, S5 = CPC 
(0.00003M) impregnated silica layer, Sg = CTAB (0.0001 M) impregnated silica layer AND 87 = 
TX-lOO (0.000IM) impregnated silica layer. 
The results presented in Table-3 further demonstrate that the best 
separation of L-Arg from all other non essential amino acids is possible on S3 
layer compared to plain silica gel layer (S|) and silica gel layers impregnated 
with CPC (S5), CTAB (Se) or Tx-lOO (S7). Thus, anionic surfactant impregnated 
silica layer is most favorable for specific separation of L-Arg. 
To widen the applicability of developed TLC system (M1-S3) the separation of L-
Arg from L-Ser and L-Tyr was examined in the presence of trioctylamine, tri-n-
butylamine, tert-butylamine, diphenylamine, m-and p-phenylenediamine as impurities. 
From the results listed in Table 4, it is clear that Rp value of L-Arg increases slightly from 
0.45 to 0.48 in the presence of trioctylamine and tert-butylamine. However, a reversed 
trend i.e. a slight reduction in Rp value of L-Arg in the presence of tri-n-butylamine, m-and 
p-phenylenediamine was noticed. In the presence of diphenylamine, L-Arg could not be 
detected. Thus, separation of L-Arg from L-Ser or L-Tyr can be achieved in all cases 
except diphenylamine. L-Ser and L-Tyr co migrate in the presence of all amines. It is also 
evident from the results summarized in Fig. 1 that regardless of the sample pH value, L-
Arg can be selectively separated from L-Ser and L-Tyr over the entire pH range (pH, 1.4-
11.4). 
Table 4. Separation of L-ARG from L-SER or L-TYR In the presence of amines as impurities 
on SDS (0.00IM) impregnated silica phase (S3) using M] (PH 2.3) as mobile phase. 
IMPURITIES 
TRIOCTYLAMINE 
TRI-N-BLTTYLAMINE 
TERT-BUTYLAMINE 
DIPHENYLAMINE 
M-PHENYLENEDIAMINE 
P-PHENYLENEDIAMINE 
Rp value 
I^ ARG 
0.48 
0.39 
0.48 
ND 
0.40 
0.40 
I^SERorL-TRY 
0.97 
0.88 
0.93 
0.88 
0.94 
0.93 
(nd refers to not detected) 
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Fig.l. Effect of Sample pH on the separation of L-Arg from L-Ser or L-Tyr with Ml-S3 
TLC System. 
The results depicted in Fig.2 more clearly reveal that: 
(a) Compared to non-impregnated silica layer, better separation of L-Arg from L-Ser 
and L-Tyr is obtained on SDS (O.OOIM) impregnated silica layer at all pH values 
of the mobile phase (i.e. buffers, pH 2.3, 5.38 and 9.04). 
(b) As regards the pH of mobile phase, better separation of L-Arg is achieved at pH 
2.3 irrespective of the nature of silica layer (non-impregnated or SDS 
impregnated). 
(c) The best separation of L-Arg is at pH 2.3 on SDS impregnated silica layer. 
(d) Mutual separation of L-Ser and L-Tyr is not possible. 
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Fig. 2. Separation efficiencies of non-impregnated and SDS (0.00 IM) impregnated silica 
layers for the resolution of L-Arg, L-Ser, and L-Tyr at different pH values of mobile phase. 
In addition to qualitative separation, separation of microgram quantity of one 
amino acid from a large quantity of other amino acids is often required. During the present 
study, it was observed that 10 fig of L-Arg can be easily separated from 3.0mg of L-Ser. 
Similarly, 10)ig of L-Ser can be separated from L8mg of L-Arg. Thus, milligram 
quantities of one amino acid can be successfully separated from microgram amounts of 
other amino acids.using the proposed TLC system. . 
rV. Conclusions 
A new TLC system comprising silica layer impregnated with (0.00IM) SDS as 
stationary phase and borate phosphate buffer pH 2.3 as mobile phase was identified for 
specific separation of L-Arg from L-Ser and L-Tyr. 
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Abstract 
A new ihin layer chromatographic system comprising silica layer impregnated with an anionic surfactant, 0.001 M sodium dodecyl sulphate 
(SDS) as stationary phase and borate-phosphate buffer (pH 2.3) as mobile phase was identified as most favourable system for the tnutual separation 
of i,-hist)dinc and DL-tryptophan. The presence of amines, inorganic anions and metal cations as impurities in the sample were examined for the 
separation of L-histidine from DL-tryptophan. The lowest detectable amount for these two amino acids, stability of the mixture of L-histidine and 
Di-tryptophan and reproducibility of the Rf values were determined. Chromatographic parameters like separation factor and resolution for the 
separation of L-histidine and DL-tryptophan on silica TLC plates as well as on silica gel 60 F251 HPTLC plates were evaluated and compared. 
Tryptophan as an impurity at 0.25 fjLg level in amino acids (L-histidine, DL-methionine, L-lysine, OL-lhreonine and L-leuciiie) sample was detected 
as violot-blue fluorescing spot under UV radiation. The proposed method is rapid and applicable to the identification and sepajation of tryptophan 
in drug samples. 
O 2007 Blsevier B.V. All rights reserved. 
Kc\^vonl.y Thin layer chromatt)gr;tphy; /\mifu> acids; Sodium dodecyl sulphate; Surfactants; Separation 
1. Introduction 
Because of the biochemical and physiological importance 
of amino acids, several analytical techniques such as high per-
formance liquid chroinatography | l | , gas chromatography [2J, 
TLC [-31, electrophoresis [4], volumetric [5J, viscometric [6] 
and micellar electrokinetic chromatography [7] have been used 
for their analysis. Amongst chromatographic techniques, thin 
layer chromatography (TLC) has been the most popular for 
routine analysis of amino acids due to its simplicity of use, 
simultaneous analysis of large number of samples, use of spe-
cilic and colourful reactions, the possibility of two-dimensional 
separation and easier manipulation of stationary and mobile 
phases. 
The work performed on TLC analysis of amino acids has been 
well documented in literature [8-12]. According to the literature, 
the majority of TLC analysis of amino acids has been perfonned 
' Corresponding author IcI.:+9: 571 2 700920x3000: tax:+91 571 2700528. 
I'-iuail address: niohanimadali4uC<T^reilitTmai! com (A. Molianimad). 
on silica layers [ 11-15|. The selective interactions of the sample 
molecules with surface active centers (Si-OH, silanol groups) 
of non-modified silica gel and the ability of chemical transfor-
mations of these silanol groups with appropriate reagents have 
made silica gel most favourable stationary phase for achievitig 
unique separations. 
To achieve improved chromatographic performance in terms 
of selectivity, resolution and reproducibility, thin layers possess-
ing different characteristics than those commonly used in TLC 
have been introduced. For this purpose, several approaches have 
been adopted to develop new sorbent phases to realize a desired 
separation with a particular mobile phase. From the literature 
survey, the following main approaches concerning stationary 
phases currently in use in the analysis of amino acids can be 
identified; 
(i) Traditional stationary phases 11 1.13-151. 
(ii) Surface modified stationary phases obtained by impregna-
tion of silica gel with transition metal ions and their anions 
[16,17]. 
0927-7757/$ - see front matter © 21)07 Elsevier B.V. All rights reserved. 
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(iii) Reversed-phase stationary phases [18,19] and the station-
ary phases impregnated with organic complexing agents 
[20,21]. 
(iv) Chitin, chitosan and transition metals impregnation chitin 
layers [9,22,23]. 
(v) Chirai stationary phases [8,24]. 
(vi) Synthetic inorganic ion-exchange layers [25-27]. 
In addition to above mentioned layer materials, amino 
acids have also been separated on carbamide-formaldehyde 
polymer (amino plast) using acidic and neutral eluents [28]. 
Sorbfil TLC plates have been used for quantitative analysis 
of L,-tryptophan present in fermentation broth [29]. Two-
dimensional TLC on polyamide sheets has been performed 
for the separation of all PTH amino acids [13]. None of 
the studies reported so far refers to the use of surfac-
tant impregnated stationary phase in the analysis of amino 
acids. 
The use of aqueous surfactant solutions in TLC was 
first proposed by Armstrong and co-workers [30,31], Since 
then, surfactant mediated mobile phase systems were used 
as a useful alternative for hydro-organic mobile phases in 
liquid chromatography of polynuclear aromatic hydrocar-
bons and vitamins [32], phenols [33], amino acids [34,33], 
alkaloids (36), dyes [33,37], isomeric compounds [38], 
drugs 139,40], aromatic amines [41,42] and metal cations 
143,44]. 
The use of surfactants as mobile phase component, not 
only simplify TLC but also results in improved separations 
due to selective dissolution of polar and non-polar substances 
by electrostatic, hydrophobic and donor-acceptor interactions 
depending upon the nature of surfactants used and the type of 
analyte mixtures to be resolved. 
To our surprise, in spite of several advantageous features 
such as non-ioxicity, non-volatility, non-inflammability and cost 
etfectiveness, surfactants have not been used as impregnant of 
silica gel for TLC analysis of amino acids using buffered aqueous 
solution as mobile phase. 
The aim of this work was to develop new stationary phases by 
impregnating silica gel with aqueous solutions of suri'actants in 
order to utilize the advantages of surfactant in stationary phase. 
This approach is contrary to the previous investigations where 
surfactants have been used as a component of mobile phase. 
However, our study is in consonance with the reported methods 
in the sense of using surfactant concentrations at three levels, 
i.e., 
(a) below critical micellar concentration (CMC) value where 
surfactant behave as electrolyte, 
(b) above CMC value where surfactants form micelles of 
definite structure and aggregation number at thermody-
namic equilibrium with the monomeric surfactant particles 
and 
(c) close to the CMC value. 
Our results clearly demonstrate that compared to non-ionic 
and cationic surfactants, silica gel impregnated with anionic sur-
factant is exceptionally useful in TLC analysis of amino acids. 
As a result, mutual separation of histidine and tryptophan has 
been achieved on silica gel layer impregnated with lO'^M 
sodium dodecyl sulphate (anionic surfactant) and developed 
with borate-phosphate buffer pH 2.3. 
2. Experimental 
All experiments were performed at 30 ± 2 C apparatus. 
2.1. Apparatus 
A thin layer chromatographic applicator (Toshniwal, India), 
20cm X 3cm glass plates and 24cm x 6cm glass jars were 
used for the development of chromatographic plates. A 
glass sprayer was used to spray reagent on the plate to 
detect the spot. UV instrument (Model S.L.W., Advance 
Research Instrurnents Co., India) was used for the fluorescence 
studies. 
2.2. Chemicals and reagents 
Silica gel ' C , silica gel 60 F254 HPTLC plates, boric 
acid, sodiuin hydroxide, ninhydrin, anunonium nitrate, triocty-
lamine and methanol (Merck, India); sodium dodecyl sulphate 
(SDS) and diphenylamine (BDH, India); amino acids, cetylpyri-
dinium chloride (CPC), N-cetyl A'.A'.A'-trimethyl-ammoniuni 
bromide (CTAB), triton X-100 (TX-lOO) ammonium chlo-
ride, ammonium sulphate, cobalt chloride, copper sulphate, 
zinc nitrate and mercuric chloride (CDH, India); ammo-
nium thiocyanate, m- andp-phenylenediamine (LOBA-Chemie. 
India); tri-n-butylamine and fert-butylamine (S.D. Fine Chem-
icals Ltd., India) and phosphoric acid (Glaxo, India), were 
used. 
2.2.1. Amino acids studied: essential amino acids -nere 
studied [4.5 j 
Es.sential amino acids .'Xbbievtation 
(A) With side chains containing aromatic rings 
L-Histidine L-His 
DL-Phenylalanine DL-Phc 
DL-Tryptophan DL-Trp 
(B) With side chains containing sulphur atom 
DL-Methionine i)L-Met 
(C) With side chains containing ba.sic groups 
L-Lysine L-LV.S 
(D) With side chains containing hydroxylic lOH) group.s 
DL-Threonine DL-Thr 
(E) With aliphatic side chain 
L-Leucine 
D-Leucine 
n[,-Isoleucine 
DL-Valine 
i.-Leii 
n-Leu 
DL-IJe 
tiL-Val 
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2.2 2^ Surfactants used 
Sutlactant Formulae CMC" (M) 
Aninnic 
Siidium dodecyl sulphate (SDS) 
Catiitnic 
C"et) Ipyridinium chloride (CI'C) 
Cel\ltrimethyl ammonium bromide (CTAB) 
Non Eoaic 
Tnli.nX-100(TX-l()0) 
CH3(CH2)ioCH20S03-Na+ 
CieHjsN^CsHsCr 
CH3(CH2)i5N+(CH3)3Br-
(CH3)3CCH2C(CHj)j - / y - 0 ( C H 2 C H j O ) 9 5 H 
8 1 X K)--' 
1.2 X 10'-" 
9 x lO-* 
2,fsx J 0 - ' 
C riiical micellar concentration. 
2.2.3. Test solution 
Test solutions (1 %) of amino acids were prepared in double 
distilled water. 
2.2.4. Detector 
A 0.3% ninhydrin solution in acetone was used to detect all 
the amino acids. 
2.2.5. Stationary phase 
Code Stationary pha.se 
Si Silica gel "G" 
ST Silica gel impregnated with SDS (0.1 M> 
53 Silica gel impregnated with SDS (0.01 M) 
54 Silica gel impregnated with SDS (0.008 M) 
55 Silica gel impregnated with SDS (0,001 M) 
Sf, Silica gel impregnated with SDS (0.0001 M) 
S7 Silica gel impregnated with CPC (0.1 M) 
Ss Silica gel impregnated with CPC (0.0000.1 M) 
S9 Silica gel impregnated with CTAB (0.1 M) 
S|i, Silica gel impregnated with CTAB (0.0001 M) 
SI I Silica gel impregnated with TX-100 (0.01 M) 
S|2 Silica gel impregnated with TX-100 (0.0001 M) 
S|3 Silica gel 60 F , ^ HPTLC plate impregnated with 0.001 M SDS 
S|4 Silica gel 60 F254 HPTLC plate impregnated with 0.00003 M CPC 
S|, Silica gel 60 F254 HPTLC plate impregnated with 0.0001 M CTAB 
Sir, Silica gel 60 F254 HPTLC plate impregnated with 0.0001 M TX-lOO 
2.2.6. Mobile phase 
Following borate-phosphate buffer systems prepared from 
vaiiou.s combinations of boric acid (0.04M), phosphoric acid 
(0.04 M) and sodium hydroxide (0.24 M) were used as mobile 
phase. 
Code 
Ml 
.M; 
•M, 
Mobile phase (v/v) 
Boric acid + phosphoric acid 
Boric acid + phosphoric acid + sodium 
hydroxide 
Boric acid + phosphoric acid + sodium 
hydro.xide 
Composition 
50:50 
50:50:8.6 
50:50:23 
pH 
2.3 
5.38 
9.04 
TLC plates were prepared by mixing silica gel 'G' with 
double distilled water in 1:3 volume ratios with constant 
shaking for 5 min until homogeneous slurry was obtained. 
The resultant slurry was coated on the glass plates with the 
help of a Toshniwal applicator to give a 0.25 mm thick layer. 
The plates were lirst air dried ai room temperature and then 
activated by healing at 100"C for 1 h. After activation, the 
plates were kept in airtight chamber until used, 
(b) Impregnated TLC plates: 
The activated silica gel plates were impregnated with 
desired concentrations of SDS (0.1, 0.01, 0.008. 0.001 
and 0.0001 M), CPC (0.1 and 0.00003 M), CTAB (0.1 and 
0,0001 M) and TX-IOO (0.01 and 0.0001 M) by developing 
silica gel plates in aqueous solution of impregnant, followed 
by drying of the plates at 100 C in an electrically controlled 
oven for 1 h. 
2.2.8. Procedure 
Thin layer chromatography was performed on unimpregnated 
(or plain) and impregnated (with SDS, CPC, CTAB or TX-
100) silica gel layers in glass jars. Test solutions (1.0 |xL) were 
applied by means of micropipette about 2 cm above the lower 
edge of the plates. The spot was allowed to dry and then the 
plates were developed in the chromatographic chamber presat-
urated for 30 min with desired solvent system using ascending 
technique. The solvent ascent was kept upto 10cm from the 
point of application. After development, the plates were dried 
at 60°C followed by spraying with freshly prepared ninhydrin 
solution. All amino acids except i.-proline appeared as violet 
spots on heating TLC plates for I.S-20min at 60^C. L-Proline 
gives yellow spot. The Rp values were calculated from the val-
ues of ^L (Rp of the leading front) and Ri (Rp of the trailing 
front): 
Rp = 0.5(RL+R-T) 
10 
2.2.7. Preparation of TLC plates 
(a) Plain silica gel thin layer plates: 
2.2.9. Separation 
For the inutual separation, equal volumes (1,0 mL each) of L-
His and DL-Trp were mixed and 1,0 |xL of the resultant mixture 
was loaded on SDS (0.001 M) impregnated silica gel 60 F:,'i4 
HPTLC (S13) or SDS (0.001 M) impregnated silica gel TLC (S5) 
plates. The plates were developed with mobile phase buffer pH 
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2.3, the spots were detected and the /?p values of the separated 
amino acids were determined. 
2.2.10. Interference 
Investigating the effect of amines, inorganic anions and metal 
cations on the mobility of amino acids is an important aspect as 
all amino acids contain amino group (-NH2). For investigating 
the interference of amines on separation of L-His and DL-Trp, 
an aliquot (l.O^L) of foreign substance (1% aqueous solution 
of cations or anions and 1 % alcoholic solution of amines) was 
spotted along with the mixture (1.0 p-L) of L-His and DL-Trp. 
The chromatography was performed with M1-S5 (mobile phase, 
buffer pH 2.3 and stationary phase, SDS (0.001 M) impregnated 
silica gel) system. The spots were detected and the /?F values of 
amino acids were determined. 
2.2.11. Chromatographic parameters 
For checking the stability of the mixture and the reproducibil-
ity of the /?F values, equal volumes of 1 % solutions of DL-Trp 
and L-His were mixed and 1.0 or 0.015 p-Lof the resultant mix-
ture was loaded on surfactant impregnated TLC and HPTLC 
plates developed with mobile phase Mi. The plates were dried 
at 60 "C and spots were detected by ninhydrin solution. The 
same process was repeated at the interval of 24 h for 5 days. The 
chromatographic parameters such as A/fp (Rp value of DL-Trp 
minus Kr value of L-His), a (separation factor), R^ (resolution) 
and standard deviation were determined. 
2.2.12. Umii of detection 
The idcntitication limit of L-His and DL-Tip was deter-
mined by spotting different amounts of L-His and DL-Trp on 
SDS (0.001 M) impregnated silica gel (S5) stationary phase and 
developed with Mi mobile phase. The plates were detected as 
described previously. The method was repeated with successive 
lowering of the amount of amino acids. The lowest amount that 
could be detected was taken as the limit of detection. 
3. Results and discussion 
The results of the present study have been summarized in 
Tables 1-5 and Figs. I and 2. 
The results presented in Table I indicate that the mobility 
of 10 essential amino acids on plain silica gel layer is influ-
enced marginally by the pH of borate-phosphate buffer systems 
used as mobile phases. The Rp values of all amino acids fluc-
tuate between 0.70 and 0.97 over the entire pH range (2.3. 5.38 
and 9.04) of mobile phase. In view of better spot compactness, 
mobile phase of pH 2.3 was selected for further studies. 
Results listed in Table 2 deals with the use of silica station-
ary phases impregnated with sodium dodecyl sulphate (SDS) 
at five different concentration levels [i.e. much above critical 
micelle concentration (CMC) (S2), above CMC (S3), at CMC 
(S4), near CMC (S5), below CMC (S{,)] for the chromatogra-
phy of amino acids using selected mobile phase Mi (pH 2.3 
buffer). These- concentration levels of SDS were selected for 
impregnation, for the reasons that below CMC (0.0001 M), SDS 
(CMC value of SDS in pure water is 0.0081 M) behaves as 
an electrolyte whereas, above CMC (0.1 and 0.01 M) it forms 
micelles and behaves entirely in different way as compared to 
Table 1 
Rf values of essentia! amino acids on plain (i.e. ntuvimpregnated) silica gel {Si) 
layers developed with bora te -phospha te buffer of different pH values (2-3. 5 38 
and 9.04) 
Essential amino acids Kp values 
M .Ml -M, 
L-His 
DL-Ile 
L-Leu 
D-Leu 
L-Lys 
DL-Met 
DL-Phe 
DL-Thr 
DL-Trp 
DL-Val 
0,70 
0.81 
0.80 
0.80 
0.84 
0.90 
0.82 
0.96 
0.92 
0.86 
0.74 
0.82 
0.81 
0,77 
0.85 
0.87 
0.76 
0,97 
0,86 
0,86 
li,7,s 
o,s() 
0,88 
0 77 
0,93 
0 89 
0 87 
0 9(5 
083 
094 
2.2.13. Specific detection of DL-Trp under UV radiation 
For checking DL-Trp as an impurity in a sample of amino 
acids, 1 mLof0.1%,solutionof DL-Trp and equal volunies(l mL 
each) of \% solution of all other amino acids (L-His, DL-Met, 
L-Lys, DL-Thr and L-Leu) were mi.xed and 0.015 p,L of resul-
tant mixture was loaded on SDS impregnated silica gel 60 F254 
HPTLC plates (S13). The plates were developed with M| and 
completely dried at 60 °C and the fluorescence of DL-Trp was 
observed under UV radiation (short wavelength). 
2.2.14. Detection ofTrp in drug sample 
Beaded material of the capsule was fine powdered and dis-
solved in lOmL of double distilled water. Aliquot (10p,L) of 
the resultant sample was loaded an SDS impregnated silica layer 
(S5) and developed with mobile phase (Mi), followed by drying 
at 60 'C for 20-25 min. Ninhydrin solution was used for the spot 
detection. 
Table 2 
Rf value of essential amino acids on non-impregnaied plain .silica layer and .SD.S 
(different concentration le\'els) impregnated silica layer using borate-phosphate 
buffer pH 2.3 (Mj) as mobile phase 
Essential 
airiino acids 
L-His 
DL-lle 
L-Leu 
D-Leu 
L-Lys 
DL-Met 
DL-Phe 
DL-Thr 
DL-Trp 
DL Val 
Plain silica 
layer 
SI 
0.70 
0.8! 
0.80 
0.80 
0.84 
0.90 
0,82 
0,96 
0.92 
0.86 
Stationary phase 
silica la) 
S2 
0.67 
0.79 T" 
0.80 
0.84 T 
0.60 
0.78 T 
0.68 
0,90 
0.80 T 
0.76 
r-er 
.S,i 
0,68 
0,79 
0,77 
0 84 
077 
0,86 
0,82 
0,92 
0.90 
0,90 
SDS in-
S4 
0.62 
0.78 
0.84 
0,81 
0,.i6 
0,86 
0,82 
0,86 
0.90 
0,73 
ipregnated 
S.^  
0.60 
0.78 
0.83 
0.81 
0.5.5 
0.86 
0.82 
0.86 
0.90 
0,74 
S6 
0,67 
0.87 
0,85 
0,83 
0,67 
0.91 
0,76 
0.97 
0,89 
0,85 
T stands for tailed spot with R\_ — R-\>^ 0,3, 
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Table 3 
Rf value of essential amino acids on different stationary phases using Mi (buffer 
pH 2.3) as mobile phase 
Essential 
amino acids 
L-His 
DL-lie 
i.-Leti 
D-Leu 
L-Lv 
DL-Mei 
DL-Phe 
DL-Thr 
DL-Trp 
DL-Val 
Stationary phases'' 
S I 
0.67 
0.79 T 
0.80 
0.84 T 
0.60 
0.78 T 
0.68 
0.90 
O.SOT 
0.76 
S5 
0.60 
0.78 
0.83 
0.81 
O.S.^ i 
0.86 
0.82 
0.86 
0.90 
0.74 
Si 
0.64 
0.79 
0.80 
0.81 
0.63 
0.83 
0.64 
0.81 
0.75 
0.89 
s% 
0.72 
0.79 
0.87 
0.84 
0.71 
0.79 
0.75 
0.94 
0.87 
0.85 
S9 
0.65 
0.73 
0.75 
0.76 
0.58 
0.78 
0.74 
0.86 
0.71 
0.78 
Sio 
0.71 
0.80 
0.85 
0.83 
0.69 
0.81 
0.80 
0.94 
0.88 
0.84 
S,i 
0.63 
0.68 T 
0.79 
0.79 
0.59 
0.79 
0.84 
0.90 
0.89 
0.83 
S,2 
0.66 
0.82 
0.85 
0.83 
0.60 
0.80 
0.85 
0.88 
0.89 
0.83 
T = tailed spot; Ri,-Rj> 0.3. 
" S: = SDS (0.1 M) impregnated silica layer; S5=SDS (0.001 M) impreg-
nated silica layer; Si=CPC (OJ M) impregnated silica layer; S8 = CPC 
(0.00(K)3M) impregnated silica layer; S9=CTAB (0.1 M) impregnated silica 
layer; S,o = CTAB (0.0001 M) impregnated silica layer; Su =TX-100 (0.01 M) 
impregnated silica layer; 812 = TX-lOO (0.0001 M) impregnated silica layer. 
Table 4 
Separation of L-histidine from DL-tryptophan in the presence of impurities 
(anunes, anions and cations) on SDS (0.001 M) impregnated silica phase (S5) 
using Ml (pH 2.3) as mobile phase 
Impurities 
Tri-«-butylamine 
7i?r/-buty]amine 
Trioctylamine 
Diphenylamine 
p-Phenylenediamine 
m-Phenylenediamine 
NO3-
SCN" 
cr 
S04^-
Co2+ 
Cu2+ 
Hg2* 
Zn^^ 
Without impurity 
Rf values 
L-Hislidine 
0.69 
0.65 
0.74 
0.74 
0.74 
0.78 
ND 
0.59 
0.60 
0.63 
0.35 
0.45 
0.43 
ND 
0.60 
Dt -Tryptophan 
0.90 
0.90 
0,87 
0.91 
0 8 8 
0.91 
0.69 
0.76 
0.75 
0.77 
0.80 
0.70 
ND 
0.73 
0.90 
N D refers to not detected spots. 
its behaviour below CMC. Furthermore, near CMC (0.001 M) 
SDS provide more polar environment compared to the aqueous 
system containing 0.0001 M SDS. It has been reported [46] that 
an increase in surfactant concentration in the mobile phase leads 
to the increase in adsorbed amount of surfactant monomers on 
the stationary phase, which usually cause a change in selectiv-
ity. Our results of Table 2 demonstrate that variation of SDS 
concentration from 0.0001 to 0.1 M in the stationary phase does 
not bring about a significant change in the selectivity of silica 
phase and all ainino acids except L-His and L-Lys show compar-
atively higher mobility over the entire surfactant concentration 
range. However, an improved mutual separation of heterocyclic 
Table 5 
A A ' F , a and A's values tor the scpaialion of L-histidine frotn DL-tryptophan on surfactants impregnated laboiatory nuide silica layers and on surlaciants im|)reL'iiatcd 
precoated silica H F f L C plates using Mi (pH 2.3) as mobi le phase 
Impregnaiu Number of days Separation parameters 
AA'F 
TLC HPTLC TLC HPTLC TLC HFILC 
0.001 M SDS 
0.00003 M CPC 
O.OOOIMCTAB 
0.0001 MIX-100 
0.24 
0.25 
0.23 
0.23 
0.24 
0.12 
0.15 
0.11 
0.14 
0.12 
0.16 
0.13 
0,18 
0.16 
0.18 
0.24 
0.23 
0.24 
0.21 
0.24 
0.60 
0.60 
0.61 
0.60 
0.61 
0.57 
0.57 
0.57 
0.57 
0.57 
0.56 
0.55 
0,55 
0.55 
0.56 
0.59 
0.57 
0.58 
0.57 
0.58 
4.64 
5.21 
4.43 
4.76 
4.64 
2.23 
2.71 
2.05 
2.58 
2.32 
2.99 
2.35 
3.50 
2.99 
3.50 
5.41 
4.76 
4.98 
4.04 
4.98 
17.00 
16.63 
18.43 
17.00 
18.43 
14.57 
15.04 
14.57 
14.57 
14.57 
13.50 
12.55 
12.85 
12.85 
13.20 
15.75 
13.89 
14.65 
13.89 
14.94 
2.82 
3,57 
2M\ 
3,29 
3,00 
1,33 
1.88 
1.16 
1.87 
1.09 
2,13 
1.53 
1.80 
1.45 
2,no 
3,20 
2,88 
2,82 
3,00 
3,00 
7,.50 
l.M 
8,!3 
7,50 
7,1H 
6.71 
6.71 
5,43 
6,71 
6,71 
6,22 
6,47 
6,47 
7,33 
5,6(1 
6,94 
6,71 
7 2^ 
7,60 
7.25 
A R F = R F value of DL-Trp minus ftp value of L-His; « = separation factor, a = ^(His 
o _ .- ^ . l . . i ; ,— o _ . / A C / , / . ,/ 1 A n 1 1 : „ .1 • . : . . . , 1 , u . . f , L . . L:I /?., = resolution, Ks =.v/0,5((/(His) + rf(Ti|i)), J: 
of the two spots (L-His and iiL-Trp). 
. _. _ . . . . . „ ...^ , „ . - , .„s) /%rp) with K(Hi,!) = (!-KF(Hi,s)VRF(His. and A:n,p) = (l -RfaipiyRrnrp)-
ARfl, I is the migration length of the mobile phase from the sample application point. JIHISI and f/(Trp) are the diameters 
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1 
0,9 
0.8 
0.7 
0.6 
0.6 
0.4 
0,3 
0.2 
0.1 
0 
L His DL-Trp 
m 
^ 
Q 
B3 
L- His on S, stationary phase. 
L- His on $5 stationary phase. 
DL- Trp on S, stationary pliase. 
DL- Trp on Sg stationary ptiase 
- pH 9.04 • ] 
t I 
H _ 
Fl 
I 
DL-Trp L-His DL-Trp 
Fig. I. Separation elTicieiicies o! iioji-iinpregnated ami SDS (0.001 M) impreg-
nated silica layers for the resolution of L-His and DL-Trp at different pH values 
of mobile phase. 
aromatic amino acids (L-His from DL-Trp) is possible on S5, 
Because of very close p^2 values of L-His (pK2 = 9.2) and DL-
Trp (p^2 = 9.4) mutual separation is analytically very important. 
Silica gel impregnated with micellar SDS solution (SDS, 0.1 M) 
was found unsuitable for the chromatography of amino acids as 
certain amino acids produce tailed spots. However, an improved 
separation of L-His (Rp = 0.60) is emerged out on S5 (0.001 M) 
SDS treated silica layer. 
To examine the effect of nature of surfactant as impregnant, 
cationic (CPC and CTAB) and non-ionic (TX-lOO) surfactants 
were introduced in silica stationary phase by impregnating silica 
gel with aqueous solutions (CPC 0.1 and 0.00003 M, CTAB 0.1 
and 0.0001 M or TX-lOO 0.01 and 0.0001 M) of these surfac-
tants and the chromatography of amino acids on these stationary 
phases (S7-S12) was performed using borate-phosphate buffer 
pH 2.3 as mobile phase. The results presented in Table 3 further, 
demonstrate that the best separation of L-His from DL-Trp is 
possible on 85 layer compared to plain silica gel layer (Si) and-
silica gel layers impregnated with CPC (S7, Sg), CTAB (S9, S10) 
or TX-lOO (Sii, Si2). Thus, anionic surfactant (SDS) impreg-
nated silica layer is most favourable for selective separation of 
heterocyclic aromatic amino acids (i.e. L-His and DL-Trp). 
The results depicted in Fig. 1 more clearly reveal that: 
TLC Plate HPTLC Plate 
DL-Trp • 
L-His 
0 
0 
0 • DL-Trp 
L-His 
Hi". 2. Comparative resolution of DL-Trp and L-His mixture on TLC (S5) and 
HPTLC (S131 silica plates developed with borate-phosphate buffer (pH 2.3). 
(a) Compared to.unimpregnated silica layer, better separation of 
L-His from DL-Trp was obtained on SDS (0.001 M) impreg-
nated silica layer at all pH values of mobile phase (i.e. 
buffers, pH 2.3, 5.38 and 9.04). 
(b) As regards to the pH of mobile phase, better separation of 
L-His was achieved at pH 2.3 irrespective of the nature of 
silica layer (non-impregnated or SDS impregnated). 
(c) The best separation of L-His from DL-Trp was at pH 2.3 on 
SDS impregnated silica layer. 
To widen the applicability of developed TLC system 
(Mi-Ss) the separation of L-His from DL-Trp was examined 
in the presence of amines (trioctylamine, tri-/)-butylamine, 
/ert-butylamine, diphenylamine, /»- and /j-phenyleneamine), 
inorganic anions (CI", S04'~, SCN" and NOj^) and metal 
cations (Co^+, Cu "^^ , Hg-^ '^  and Zn^^) as impurities. From the 
results listed in Table 4 it is clear that the Rf value of L-His 
increases slightly from 0.60 to 0.78 whereas, DL-Trp travels with 
the solvent and there is only marginal change in the Rp values in 
the presence of amines. A marginal change is seen in the pres-
ence of anions, the /?F values of L-His vary between 0.59 and 
0.63 (in case of NO3' , L-His was not detected). There is low-
ering in the Rp values of DL-Trp (Rf ranges between 0.69 and 
0.77) as compared to its standard Rr- (0.90). In the presence of 
metal cations, the mobility of L-His is strongly affected showing 
a reduction in its /?p value from 0.60 to 0.35 in the presence of 
Co^ "*-. In the case of DL-Trp, its Rp value also decreases, though 
marginally in the presence of cations. L-His and DL-Trp were 
not detected in presence of Zn^ "^  and Hg-"^ , respectively. Thus, 
separation of L-His from DL-Trp is effected by the presence of 
amines, inorganic anions and metal cations as impurities. 
The chromatographic parameters such as ARp {Rp value of 
DL-Trp minus Rp value of L-His), a (separation factor) and R^ 
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resolution) calculated for the separation of L-His from DL-Trp 
on surfactant impregnated TLC and HPTLC plates using Mi 
as mobile phase have been listed in Table 5. It is clear from 
Table 5 that better separation of L-His is obtained on HPTLC 
plates compared to conventional TLC plates (Fig. 2) as indicative 
by higher values of ARp, a and /?s- Amongst impregnants, SDS 
(0.001 M) provides better resolution of coexisting L-His and DL-
Trp on both HPTLC ad TLC plates. 
The standard deviations in ^ F values for the resolved spots 
of L-His and DL-Trp were found to be 0.008 and 0.005. 
The lowest possible detectable amounts of L-His and DL-Trp 
with M1-S5 TLC system were 5.0 and 1.0 p-g/spot, respectively. 
The sensitivity of the proposed method towards amino acids in 
comparison with other methods involving derivatization process 
is not favourable. 
DL-Trp if present as an impurity (0.25 (xg) in a sample of 
amino acids can be easily identified by observing violet-blue 
fluorescence on S13. After the development of HPTLC plate, it 
is dried and directly exposed to UV-radiation (short wave) to 
observe the fluorescence. No detection reagent is used. 
The applicability of the proposed method (S5-M1 sys-
tem) for the idenlihcation of tryptophan in pharmaceutical 
formulation was also tested. The drug sample Astymin Forte 
(actual weight 377.5 mg includes 5mg tryptophan) con-
tains amino acids (Leu, He, Lys, Phe, Thr, Val, Trp and 
Met). Vit.A, cholecalciferol, thiamine mononitrate, riboflavin, 
nicotinamide, pyridoxine hydrochloride, folic acid, calcium pan-
tothenate, cyanocobalaniin, ascorbic acid and tocopherylacetate, 
5-hydroxyantheanilic acid hydrochloride and colours (erythro-
sine, tartrazine, indigo carmine and titanium dioxide ). Histidine 
could not be detected whereas tryptophan was clearly detected 
(/?F = 0.90) along with lysine (/?p = 0.62) and other amino acids 
(Rp = 0.76, Leu, He, Lys, Phe. Thr, Val and Met). When the drug 
sample was spiked with histidine, the resultant sample after 
chromatography produces three distinct spots for lysine plus 
histidine (/?F = 0.65) , tryptophan {Rp = 0.90) and other amino 
acids (/?F = 0.76). In addition to these three spots a yellow spot 
(/?F = 0.98) is also appeared very close to solvent front which is 
probably due to the migration of dyes that are contained in the 
drug sample. 
4. Conclusions 
The proposed thin layer chromatographic system comprising 
of SDS (0.001 M) impregnated silica layer as stationary phase 
and borate-phosphate buffer of pH 2.3 as mobile phase was the 
most favourable for the separation of L-His from DL-Trp. 
Being selective, the proposed method could be implemented 
as a reliable analytical tool for the analysis of clinical sam-
ples. More importantly, the method could be applied for the 
identification of DL-Trp in the clinical samples and drugs. 
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Abstract 
Thin-layer chromatography of twenty-seven amino acids 
has been performed on silica gel 60 F254 HPTLC plates. A 
new HPTLC system constituting silica gel 60 F254 HPTLC 
plates as stationary phase and buffered aqueous ZnSO^ (20%) 
solution (pH 2.3) as mobile phase has been identified as the 
most favourable system for separation and identification of 
closely related aromatic amino acids including mutual separation 
of DL-phenylalanine and L-tyrosine. The effect of presence 
of amines, inorganic anions and metal cations as impurities 
in the sample was examined for the separation of DL-
phenylalanine from L-tyrosine. The lowest detectable amount 
(7.5x10^^ )Xg) for these two amino acids, stability of the 
mixture of DL-phenylalanine and L-tyrosine and reproducibility 
of the Rp values were determined. Chromatographic parameters 
(e.g. separation factor and resolution) for the separation of 
DL-phenylalanine from L-tyrosine on silica gel 60 Fjj^ 
HPTLC plates were evaluated. The salting-out and salting-
in effects of ZnSO^ on the mobility of certain amino acids 
have been observed. The proposed thin-layer chromatography 
system eliminates the use of highly toxic organic solvents. 
(Keywords : amino acids/DL-phenylalanine/L-tyrosine/ HPTLC/ 
separation) 
Introduction 
Because of impoilant applications of amino 
acids in biochemical research, microbiology, nutrition, 
pharmaceuticals and fortification of food and feeds, 
a number of thin layer chromatographic systems have 
been proposed for their identification and quantitative 
analysis. The extensive survey of literature of last 
twenty years on thin layer chromatography (TLC) 
of amino acids reveals that most of the studies 
performed so far include the use of eluents belonging 
to the following main groups : 
1. Organic solvents (urea, carboxylic acids, alcohols, 
ketones, dimethyl sulfoxide, ethyl acetate, heptane, 
chloroform, pyridine, benzene, toluene, xylene, 
carbon tetrachloride, methylene dichloride, chlo-
roform and their mixture). 
2. Inorganic solvents (aqueous solutions of Li, Na, 
K, Rb and Cs salts). 
3. Mixed aqueous-organic solvents (alcohols, ketones, 
acetonitrile, chloroform, pyridine mixed with wa-
ter, acetate buffer and carboxylic or mineral acids). 
4. Chiral solvents (a or p cyclodextrin and ethyl(s) -
(+)- lactate). 
5. Surfactant mediated solvents (aqueous solutions of 
bis (2-ethyl hexyl) sodium sulfosuccinate, sodium 
dodecyl sulphate and N-cetyl N,N,N-trimethyl 
ammonium bromide microemulsions). 
Of the above eluents, mixed aqueous-organic 
solvent systems'^"'' have been found to be the most 
useftil for separation of amino acids. However, the 
toxic natures of most of the organic solvents impose 
a restriction on their frequent use. Surprisingly few 
studies with inorganic solvent systems have been 
reported inspite of the fact that inorganic solvent 
systems are more environmental friendly. Sentier 
et al.^ have utilized the analytical potential of aque-
ous sodium sulphate mobile phase in combination 
with cellulose layers for simultaneous determination 
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of some physiological aromatic amino acids (e.g. 
phenylalanine, tryptophan and tyrosine). An interesting 
study with aqueous solution of Li, Na, K, Rb and 
Cs chlorides as mobile phase have been performed 
by Cserhati and Illes who have examined the 
reversed phase retention behaviour of fourteen 
dansylated amino acids. Acidified ammonium nitrate 
solution has also been used for the analysis of amino 
acids . Contrary to the restricted use of aqueous 
inorganic salt solutions as mobile phase, significant 
work has been reported^ '^^ '* on the use of inorganic 
anions, transition metal cations and alkaline earth 
metal hydroxides as impregnants of layer materials 
for achieving improved resolution of amino acids. 
The enhanced separation performance of impregnated 
layers has been attributed to certain processes such 
as ion pairing, complexation or ion exchange that 
may influence the interactions between the layer 
material and the amino acid molecules. 
Taking into consideration all the above facts, 
we decided to use buffered zinc sulphate solution 
(pH 2.3) as mobile phase for the analysis of amino 
acids on silica gel 60 F254 HPTLC plates. As far 
as we are aware, buffered zinc sulphate solution has 
not been used either as impregnant or as mobile 
phase for the analysis of amino acids. The present 
communication reports our results of TLC analysis 
of amino acid on HPTLC silica plates using buffered 
zinc sulphate solution (pH 2.3) as mobile phase. The 
proposed TLC system is capable to resolve a mixture 
of aromatic amino acids specially phenylalanine from 
tyrosine. 
Materials and Method 
Chemicals and Reagents 
Silica gel 60 F254 HPTLC plgtes 1.05583 
(Merck, Germany); boric acid, sodium hydroxide, 
ninhydrin, methanol, zinc sulphate, urea, thiourea and 
ethylenediaminetetraacetic acid (EDTA) (Merck, India); 
diphenylamine (BDH, India); amino acids and copper 
sulphate (CDH, India); m-and p-phenylenediamine 
(LOBA-Chemie, India); tri-n-butylamine, tert-
butylamine and p-cyclodextrin (S.d. fine chemicals 
Ltd., India); and phosphoric acid (Glaxo, India) were 
used. 
Amino Acids Studied are listed below : 
Amino Abbreviation Amino Abbreviation 
acid acid 
glycine Gly DL-alanine DL-Ala 
L-proline L-Pro DL-valine DL-Val 
L-histidine L-His DL-phenyla- DL-Phe 
lanine 
L-glutamic L-Glu DL-serine DL-Ser 
acid 
L-lysine L-Lys DL-iso-
leucine 
DL-Ile 
L-tyrosine L-Tyr DL-noriso- DL-NIl 
leucine 
L-cystine L-Cys-Cys DL-trypto- DL-Trp 
phan 
L-cysteine L-Cys DL-2amino DL-But 
-butyric 
acid 
L-serine L-Ser 
L-leucine L-Leu 
DL-methio- DL-Met 
nine 
DL-threonine DL-Thr 
L-arginine L-Arg D-glutamic D-Glu 
acid 
D-leucine D-Leu 
D-alanine D-Ala 
L-omithine L-Om 
L-alanine L-Ala 
L-aspartic L-Asp 
acid 
All the test solutions (0.5%) of amino acids 
were prepared in demineralized double distilled 
water. 0.3% ninhydrin solution in acetone was used 
to detect all the amino acids. 
Stationary phase is silica gel 60 F254 HPTLC 
plates, and mobile phases used are listed below. 
Code Mobile phase 
M| borate-phosphate buffer pH 2.3 
M2 double distilled water 
M3 borate-phosphate buffer pH 10.4 
M4 b-cyclodextrin(l.Og) dissolved in 100 ml 
borate-phosphate buffer pH 2.3 
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M, 
M, 
M, 
EDTA (l.Og) dissolved in 100 ml borate- Separation 
phosphate buffer pH 2.3 
P-cyclodextrin (l.Og) and EDTA(l.Og) 
dissolved in 100 ml borate-phosphate buffer 
pH 2.3 
urea (5.0g) dissolved in 100 ml borate-
phosphate buffer pH 2.3 
Mg urea (20.Og) dissolved in 100 ml borate-
phosphate buffer pH 2.3 
Mg thiourea (5.0g) dissolved in 100 ml borate-
phosphate buffer pH 2.3 
M,o ZnSO^ (l.Og) dissolved in 100 ml borate-
phosphate buffer pH 2.3 
M,, ZnS04 (5.0g) dissolved in 100 ml borate-
phosphate buffer pH 2.3 
M,2 ZnSO^ (lO.Og) dissolved in 100 ml borate-
phosphate buffer pH 2.3 
M 
M 
,3 ZnS04 (20.0g) dissolved in 100 ml borate-
phosphate buffer pH 2.3 
14 CUSO4 (5.0g) dissolved in 100 ml borate-
phosphate buffer pH 2.3 
Procedure 
Precoated silica plates were activated at 50 ± 
l^ C for 30 minutes in an electrically controlled oven. 
After activation, the plates were cooled at room 
temperature and stored in a closed chamber at room 
temperature before use. 
Test solutions (0.015 \i\) were applied by means 
of micropipets (Tripette, Germany) approximately 1.0 
cm above the lower edge of the plates. The spots 
were completely dried and the plates were developed 
by one dimensional ascending technique in a 
rectangular twin trough chamber with stainless steel 
lid (Desaga, Germany) previously saturated with 
mobile phase vapour by equilibration for approximately 
(10-15 minutes). The development distance was fixed 
10 5.0 cm from the origin in all cases. After 
development, the plates were dried in oven at 50°C 
and the amino acids were visualized as coloured 
spots by application of ninhydrin solution (0.3% in 
acetone). 
The test solution (O.OlSfil) containing amino 
acids to be separated were spotted with the aid of 
micropipet (Tripette, Germany) on HPTLC plates and 
the chromatography was performed using various 
mobile phases. The resolved spots for these amino 
acids were observed on HPTLC plates after spraying 
ninhydrin (0.3%) solution and Rp values of the 
separated amino acids were determined using following 
formula. 
/?^ = 0.5(/?, + /f,) 
Values were calculated from the values of /?^ 
{Rp of the leading front) and Rj {Rp of the trailing 
front) maintaining the ascent of mobile phase to 5.0 
cm from the point of sample application. 
Interference 
For investigating the interference of inorganic 
anions, amines and metal cations on the separation 
of DL-Phe and L-Tyr, an aliquot (0.015 |a,l) of 
impurity solution was spotted on HPTLC plate at 
the starting line. After complete drying of spot, an 
aliquot (0.015 t^l) of the mixture of DL-Phe and 
L-Tyr was spotted on the same spot. The spot was 
redried and the chromatography was performed using 
Mj3 mobile phase. The resolved spots were detected 
and Rp values of separated amino acids were 
determined. 
Limit of Detection 
The detection limits of DL-Phe and L-Tyr were 
determined by spotting different amounts of DL-Phe 
and L-Tyr on the HPTLC plates and the 
chromatography was performed using M^^ mobile 
phase. The plates were detected as described above. 
The method was repeated with successive lowering 
of the amount of amino acids. The lowest amount 
that could be detected was taken as the limit of 
detection. 
Chromatographic Parameters 
For checking the stability of the sample mixture 
(DL-Phe plus L-Tyr) and the reproducibility of their 
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Ayr values, equal volumes of 0.5% solutions of L-
Tyr and DL-Phe were mixed and 0.015 [il of the 
resultant mixture was loaded on HPTLC plates and 
the plates were developed with mobile phase M^-^ 
. The plates were dried at 50°C and spots were 
detected by ninhydrin solution. The same process was 
repeated at the interval of 24 hour for five days. 
The chromatographic parameters such as ARp {Rp. 
value of L-Tyr minus Rp value of DL-Phe), a 
(separation factor) and R^ (resolution) were determined. 
Results and Discussion 
The results of the present study have been 
summarized in Table 1-8 and Fig. 1-3. 
Acidic, Basic and Neutral Mobile Phases 
The results presented in Table 1 indicate that 
the mobility of all amino acids on silica gel 60 ^254 
HPTLC plates is not influenced to a greater extent 
by the change in pH (acidic, basic and neutral) of 
the mobile phase. All amino acids except L-His, L-
Lys, L-Arg and L-Om show higher mobility 
irrespective of the pH of the mobile phase (Mj or 
M3). In the double distilled water (Mj) all amino 
acids travel with the solvent front except L-His, L-
Lys, L-Arg and L-Om which stay near the point 
of application. With A/j as developer silica layer is 
slightly disintegrated at the lower end of the plates 
and hence the development time was more in the 
case of double distilled water {Mj) than borate buflFer. 
The borate buffer of pH 2.3 was selected as mobile 
phase for further studies in view of the appearance 
of more intense coloured spots due to improved 
compactness. 
Mobile Phase Containing Organic Compounds 
Results listed in Table 2 deal with the effect 
of added P-cyclodextrin (P-CD), EDTA or P-CD plus 
EDTA into borate buffer (pH 2.3) on the mobility 
of amino acids. It is evident from Table 2 that the 
individual or combined effects of the added chiral 
organic compound (P-CD) and chelating agent (EDTA) 
in mobile phase (buffer pH 2.3) do not bring about 
a significant change in mobility pattern of amino 
acids. L-His, L-Lys, L-Arg and L-Om show much 
lower Rp values in mobile phase containing P-CD 
(A/4) in comparison to mobile phase containing EDTA 
(Afj) or EDTA plus p-CD (Mg). 
Table 1 - Mobility of amino acids on silica gel 60 ^^5^ HPTLC 
plates using different mobile phase. 
Amino 
acids 
Gly 
L-Pro 
L-His 
L-Glu 
L-Lys 
L-Tyr 
L-Cys-Cys 
L-Cys 
L-Ser 
L-Leu 
L-Arg 
L-Om 
L-Ala 
L-Asp 
DL-AIa 
DL-Val 
DL-Phe 
DL-Ser 
DL-Ile 
DL-NII 
DL-Trp 
DL-But 
DL-Met 
DL-Thr 
D-Glu 
D-Leu 
D-Ala 
Borate-
phosphate 
buffer 
(pH 2.3) 
0.81 
0.66 
0.20 
0.95 
0.20 
0.93 
0,96 
0,95 
0,96 
0.79 
0.22 
0.21 
0.96 
0.96 
0.96 
0.84 
0.83 
0.97 
0.77 
0.94 
0.87 
0,92 
0,81 
0,97 
0.96 
0.78 
0.90 
Mobile Phase 
Double 
distilled 
water 
(pH 6,8) 
0,78 
0.66 
0.18 
0.90 
0.17 
0.84 
0.92 
0.91 
0.94 
0.85 
0.12 
0.15 
0.91 
0.92 
0.91 
0.90 
0.91 
0.88 
0.79 
0.94 
0.80 
0.88 
0.85 
0.89 
0.92 
0.84 
0.92 
Borate-
phosphate 
buffer 
(pHlO.4) 
0.85 
0.83 
0.25 
0.86 
0.29 
0.98 
0.91 
0.98 
0.90 
0.83 
0.29 
0.33 
0.95 
0.96 
0.94 
0.87 
0.89 
0.85 
0.95 
0.95 
0.95 
0.90 
0.95 
0.94 
0.98 
0.97 
0,86 
It is interesting to note that four amino acids 
namely, L-His, L-Lys, L-Arg and L-Om have almost 
the same Rp values in A/j (borate buffer, pH 2.3) 
and A/4 (borate buffer, pH 2.3 plus P-CD). However, 
Rp values of these amino acids become almost double 
in the presence of EDTA (mobile phases, A/j and 
Afg). Thus, a chelating agent e.g. EDTA is more 
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effective in promoting the mobility of these amino 
acids in normal-phase TLC compared to P-CD. P-
CD and EDTA were used in view of their unique 
separation capabilities m resolvmg enantiomers 
and inorganics '^' respectively. 
Table 2 - R^ values of amino acids on silica HPTLC plates 
developed with borate - phosphate buffer (pH 2.3) 
containing p-cyclodextrin (A/^), EDTA (M^) and p-
cyclodextrin plus EDTA (M^). 
Amino acids Mobile phase 
M. M 
Gly 
L-Pro 
L-His 
L-Glu 
L-Lys 
L-Tyr 
L-Cys-Cys 
L-Cys 
L-Ser 
L-Leu 
L-Arg 
L-Om 
L-Ala 
L-Asp 
DL-Ala 
DL-Val 
DL-Phe 
DL-Ser 
DL-Ile 
DL-NIl 
DL-Trp 
DL-But 
DL-Met 
DL-Thr 
D-Glu 
D-Leu 
D-Ala 
The data in bracket 
0.86 
0.69 
0.21 (0.20) 
0.94 
0.22 (0.20) 
0.92 
0.89 
0.86 
0.90 
0.77 
0.19(0.22) 
0.23 (0.21) 
0,88 
0.95 
0.86 
0.80 
0.80 
0.92 
0.72 
0.79 
0.81 
0.78 
0.76 
0.89 
0.95 
0,81 
0.90 
are R^ value ol 
0.93 
0.82 
0.47 
0.88 
0.49 
0.95 
0.93 
0.78 
0.88 
0.80 
0.50 
0.54 
0.92 
0.95 
0.90 
0.84 
0.83 
0.93 
0.79 
0.81 
0.83 
0.81 
0.84 
0.89 
0.93 
0.81 
0.89 
M, 
0.95 
0.72 
0.50 
0.94 
0,45 
0.95 
0.90 
0.90 
0.92 
0.80 
0.45 
0.47 
0.91 
0.92 
0.92 
0.85 
0.85 
0.96 
0.79 
0.90 
0.89 
0.88 
0.84 
0.92 
0.94 
0.82 
0.93 
Mobile Phase Containing Organic Nonelectrolyte 
TLC of amino acids was also performed using 
A/j with added organic nonelectrolytes (urea and 
thiourea) as mobile phase to study the effect of 
organic molecular compounds on the mobility of 
amino acids. The data obtained with the resultant 
mobile phases {M-j-M^ are presented in Table 3. The 
results listed in Table 3 clearly demonstrate that the 
variation in the concentration of urea (5-20%) in the 
mobile phase (A/,) had little effect on Rp value of 
amino acids. Similarly, the substitution of urea in 
M-f by thiourea (mobile phase M^) does not bring 
any change in the mobility of amino acids. 
Table 3 - Effect of concentrations of urea and thiourea on the 
mobility of amino acids. 
Amino acids 
with M 
Gly 
L-Pro 
L-His 
L-Glu 
L-Lys 
L-Tyr 
L-Cys-Cys 
L-Cys 
L-Ser 
L-Leu 
L-Arg 
L-Om 
L-Ala 
L-Asp 
DL-Ala 
DL-Val 
DL-Phe 
DL-Ser 
DL-Ile 
DL-Nll 
DL-Trp 
DL-But 
DL-Met 
DL-Thr 
D-Glu 
D-Leu 
D-Ala 
Mobile phase 
M, M. 
0.91 
0.77 
0.26 
0.95 
0.25 
0.94 
0.92 
0.90 
0.93 
0.87 
0.24 
0.28 
0.94 
0.97 
0.95 
0.91 
0.83 
0.95 
0.83 
0.84 
0.91 
0.93 
0.90 
0.95 
0.94 
0.85 
0.94 
M„ 
0.91 
0.79 
0.3? 
0,96 
0,26 . 
0,95 
0,92 
0,92 
0,95 
0,82 
0,25 
0,26 
0,93 
0.96 
0,95 
0,86 
0.83 
0.94 
0,84 
0.82 
0,89 
0.92 
0,87 
0,95 
0,95 
0,83 
0,94 
0.88 
0.79 
0.30 
0.95 
0.22 
0.94 
0.92 
0,88 
0.94 
0.79 
0.24 
0.27 
0,9! 
0.96 
0,98 
0.88 
0.86 
0,94 
0,86 
0.81 
0.87 
0,87 
0,83 
0.95 
0,93 
0,80 
0,87 
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Table 4 - Effect on the Rj, value of amino acids chromatographed 
on silica HPTLC plate and developed with different 
concentrations of ZnSO^ added in borate-phosphate 
buffer (pH 2.3). 
Amino acids Mobile phase 
Gly 
L-Pro 
L-His 
L-Glu 
L-Lys 
L-Tyr 
L-Cys-Cys 
L-Cys 
L-Ser 
L-Leu 
L-Arg 
L-Om 
L-Ala 
L-Asp 
DL-Ala 
DL-Val 
DL-Phe 
DL-Ser 
DL-lie 
DL-Nll 
DL-Trp 
DL-But 
DL-Met 
DL-Thr 
D-G)u 
D-Leu 
D-Ala 
M, 
0.81 
0.66 
0.20 
0.95 
0.20 
0.93 
0.96 
0.95 
0.96 
0.79 
0.22 
0.21 
0.96 
0.96 
0.96 
0.84 
0.83 
0.97 
0.77 
0.94 
0.87 
0.92 
0.81 
0.97 
0.96 
0.78 
0.90 
A .^o 
0.89 
0.74 
0.49 
0.95 
0.50 
0,92 
0.92 
0.89 
0.93 
0.78 , 
0.48 
0.50 
0.93 
0.95 
0.88 
0.84 
0.78 
0.93 
0.77 
0.75 
0.83 
0.86 
0.82 
0.91 
0.95 
0.77 
0.92 
M„ (M,,)* 
0.92 (0.87) 
0.75 (0.73) 
0.58 (0.73) 
0.94 (0.94) 
0.81 (0,84) 
0.92 (0.91) 
0.89 (0.90) 
0.88 (0.93) 
0.90 (0.95) 
0.76 (0.77) 
0.81 (0.79) 
0.85 (0.88) 
0.92 (0.88) 
0.95 (0.96) 
0.90 (0.93) 
0.81 (0.80) 
0.78 (0.76) 
0.95 (0.95) 
0.76 (0.78) 
0.70 (0.76) 
0.74 (0.82) 
0.83 (0.84) 
0.86 (0.85) 
0.93 (0.90) 
0.94 (0.88) 
0.72 (0.80) 
0.93 (0.88) 
Mn 
0.91 
0,70 
0,59 
0,89 
0.86 
0.89 
0.83 
0.84 
0.91 
0.72 
0.81 
0.89. 
0.87 
0.89 
0.85 
0.77 
0,72 
0,92 
0.82 
0.70 
0.80 
0.84 
0.81 
0.92 
0.91 
0.75 
0.93 
A/,3 
0.90 
0.74 
0.78 
0.88 
0.89 
0.85 
0.88 
0.90 
0.94 
0.69 
0.87 
0.91 
0.87 
0.89 
0.89 
0.76 
0.58 
0.88 
0.65 
0.62 
0.78 
0.86 
0.81 
0.93 
0.88 
0.72 
0.95 
•/?P values in bracket refer to the values obtained on HPTLC 
plates developed with A/,^  (CuSO^ added borate-phosphate buffer, 
pH 2,3). 
Table 5 - TLC systems developed for separation of tyrosine 
from phenylalanine. 
Stationar) 
Phase 
Silica 
gel 
impreg-
nated 
with 
CuSO^ 
Silica 
gel 
impreg-
nated 
with 
0.5% 
Zn^^ 
Silica 
gel 
impreg-
nated 
with 
0.2% 
Zn^" 
Silica 
gel 
impreg-
nated 
with 
Br-
Silica 
gel 
60 ?,,, 
HPTLC 
' Mobile 
Phase 
methanol+ 
butyl 
acetate+ 
acetic 
acid+ 
pyridine 
(4:4:2:1) 
butyl 
acetate+ 
methanol+ 
acetic 
acid+ 
pyridine 
(4:4:1:1) 
chloroform+ 
ethyl 
acetate 
(29:3) 
n-butanol+ 
acetic acid+ 
chloroform 
(3:1:1) 
• borate-
phosphate 
buffer 
(pH 2.3) 
+ ZnSO^ 
Separation 
(/Jp value) 
Tyrosine Phenylalanine 
0.61 0.65 
0.60 0,67 
0,83 0,66 
0.30 0.37 
0.85 0.58 
A/ff* 
value 
0.05 
0.07 
0.17 
0.07 
0.27 
Ref 
23 
35 
36 
37 
Our 
work 
ARf* = Rf of tyrosine - R^ of phenylalanine (higher the value of 
ARp, better is the separation and resolution of spots). 
Table 6 - ARp, a and R^ values for the separation of DL-Phe 
from L-Tyr on precoated silica HPTLC plates using 
M|3 as mobile phase. 
Number of days Separation parameters 
ARr a R. 
0.27 
0.30 
0.27 
0,29 
0.29 
4.10 
5.05 
4.46 
4.60 
5,09 
2,08 
2,50 
1,80 
2,23 
2.23 
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Note that A/?^ - = /?,, value of L-Tyr minus R^ value of DL-Phe, a 
= Separation factor, a = 
(Phe) 
(Tyr) 
\-R 
with K 
F(Phe) 
(Phe) R f(Phe) 
andK 
f{Tyr) 
(Tyr) R^= Resolution 
V(Tyr) 
t.AR. 
0 
•^r{-Tyr) " " ( P h e ) + d, 
' 4tyr) ^ "'^  '^ (Phe) "^"^  "^^ diameters of 
the two spots (L-Tyr and DL-Phe), / is the migration length of 
the mobile phase from the point of sample application. 
Mobile Phase Containing Inorganic Electrolyte 
It has been repotled^ *^  that silica gel impregnated 
with Cu^ "^  provides some interesting selectivity in 
TLC analysis of a variety of compounds. Conse-
quently, adsorbents impregnated with metal-ions have 
been specially used in TLC of the compounds, which 
possess the electron-donor groups such as amines, 
mercaptans, sulphides, sulphonamides and amino 
acids '^-^ "*. In view of above facts, we performed 
chromatography of amino acids on electrolytes 
{ZnSO^ or CuSO^) impregnated HPTLC plates using 
borate-phosphate buffer (pH 2.3) as mobile phase. 
Our hopes belied as spreaded spots were noticed for 
most of the amino acids and in some cases amino 
acids could not be detected. Hence, this approach 
of using silica HPTLC plates after impregnation with 
zinc or copper sulphate solution was abandoned and 
an alternative approach of using sulphates of Zn and 
Cu in the mobile phase after dissolving them in 
borate buffer (pH 2.3) was followed. The buffered 
Zn or Cu sulphate solution produces highly compact 
and well-formed spots of amino acids on silica 
HPTLC plates. Compared to CuSO^, brighter and 
more compact spots for amino acids were realized 
with buffered ZnSO^ mobile phase. To ascertain the 
Table 7 - Separations of amino acids achieved from their three-component mixtures obtained on silica gel 60 F^^^ 'HPTLC plates 
developed with different mobile phases. 
Mobile Amino acids with low Rp 
phase (0.10-0.40) 
Amino acids with medium R^ 
(0.60-0.79) 
Amino acid with high /?^(0.85-0.99) 
M, L-His(0,20), L-Lys (0.20), 
L-Arg(0.22), L-Om (0.21) 
L-Pro (0.70), L/D-Leu (0.70), 
DL-Val (0.79), DL-Ile (0.74) 
L/D-Glu (0.93), L/DL-Ser (0.90), L/D/DL-Ala (0,89), 
DL-Asp (0.95), L-Cys-Cys (0.95) 
Mj L-His (0.17), L-Lys (0.17), 
L-Arg (0.12), L-Om (0.15) 
Gly (0.77), L-Pro (0.68) L/D- Glu (0.90), L/DL-Ser (0.95), L/D/DL-Ala (0.92), 
L-Asp (0.93), L-Cys-Cys (0.92), DL-Val (0.91), 
L-Cys (0.91), DL-Phe .(0.92), DL-NIl (0.94) 
M^ L-His (0,21), L-Lys (0.23), 
L-Arg (0,20), L-Om (0.21) 
L-Pro (0.69), L-Leu (0.77), 
DL-IIe (0.72), DL-Met (0,75) 
L/D- Glu (0.95), L/DL-Ser (0.92), L/D/DL-Ala (0.90), 
L-Asp (0.96), L-Cys-Cys (0.90), L-Tyr (0.91). 
M,, M,, L-His (0.29), L-Lys (0.24), 
M„ L-Arg (0.25), L-Om (0.27) 
L-Pro (0.78) Gly (0.90), D/L-Glu (0.95), L-Tyr (0.95), L-Cys-
Cys(0.92), L-Cys (0.90), DL/L-Ser (0.95), D/DL/ 
L-Ala (0.97), L-Asp (0.97), DL- But (0.92), DL-
Thr(0.96), DL-Val (0.90), DL-Ttp (0.90) 
Rp values of amino acids in their mixtures are slightly changed from their individual R^ values because of mutual interactions. 
Table 8 - Separations of amino acids obtained on silica gel 60 F254 HPTLC plates using buffered ZnSO^ solution as mobile phase 
(A/,3). 
Amino acids with R^ 0.58- 0.65 Amino acids with ^^0.85 - 0.95 
DL-Phe (0.58) 
DL-Ile (0.65), DL-NIl (0.62) 
Gly (0.90). D/L-Glu (0.88), L-Lys (0.89), L-Cys-Cys (0.88), L-Cys (0.90), 
DL/L-Ser (0.92), L-Arg (0.87), L-Om (0.91), DL/D/L-Ala (0.91), L-Asp (0.89), DL-
But (0.86), DL-Thr (0.93), L-Tyr (0.85) 
DL-Thr (0.93), DLA)/L-Ala (0.91), Gly (0.90), L-Ser (0.94), L-Om (0.91) 
/Upvalues of amino acids in their mixtures are slightly changed from their individual Rp values because of mutual interactions. 
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most favourable ZnSO^ concentration, mobile phases 
containing 1-20% ZnSO^ {M^Q-M^^) were used to 
investigate the mobility trend of amino acids. On 
the basis of results presented in Table 4, amino acids 
can be classified as given below: 
(a) Amino acids such as L-His, L-Lys, L-Arg and 
L-Om show pronounced increase in their mobility 
with the increase in concentration o( ZnSO^ (1-
20%). 
(b) Amino acids such as D/L-Glu, L-Leu, L-Tyr, DL-
Val, L-Ala, L-Asp, DL-Phe and DL-NIl decreases 
with the increase in the concentration level of 
ZnSO 4-
(c) Gly, L-Pro, L-Cys-Cys, L-Cys, L-Ser, D/DL-Ala, 
DL-Ser, DL-Ile, DL-Trp, DL-But, DL-Met, DL-
Thr and D-Leu show marginal difference in their 
mobility (or Rp. value) pattern over the entire 
concentration range of ZnSO^. 
Similarly, higher R^ values of amino acids were 
also obtained when silica HPTLC plates were 
developed with buffer (pH 2.3) containing CuSO^ 
(5 g/100 ml) i.e. mobile phase M^^ as compared 
to the Rp- values of amino acids with mobile phase 
M^ (buffer pH 2.3). Higher concentration of CuSO^ 
could not be used because of its coloured nature, 
which produces a secondary coloured front behind 
the solvent front. Silica gel impregnated with Br", 
Cu^^ and Zn^ "^  as layer material has been used by 
some workers^ '^^ ^"^^ for TLC analysis of amino acids 
using mixed organic mobile phase systems consisting 
of highly toxic (benzene, chloroform, pyridine, 
methanol etc.) organic solvents. Here, we have 
proposed environmental friendly aqueous system as 
mobile phase (A/,3) in combination of silica gel 60 
F254 HPTLC places for identification of several amino 
acids and mutual separation of structurally closely 
related phenylalanine and tyrosine. The proposed 
method is better than the existing TLC methods for 
the separation of tyrosine (hydroxy-aromatic amino 
acid) from phenylalanine (nonsubstituted aromatic 
amino acid) as evident from the data presented in 
Table 5. The mutual separation of phenylalanine from 
tyrosine is interesting because of their biochemical 
importance and identical values of isoelectric points. 
The aromatic R groups of these two amino acids 
are hydrophobic, a property that has important 
consequences for the ordering of water molecules 
in proteins in their immediate vicinity. These amino 
acids occur primarily in the interior of cytosolic 
proteins. pK, (alpha carboxy group) of Phe (2.6) and 
Tyr (2.2), their pKj (alpha amino group) values 9.2 
and 9.1 and the pi values 5.9 and 5.7 respectively 
are very close and hence the mutual separation of 
these amino acids is not easy. Furthermore, both 
amino acids have same structural features except that 
tyrosine also contains hydroxyl group in its benzene 
ring. 
«-£)_„._f •coo~ 
*HH3 
tyrosine 
V 
CH2 — c— coo 
*NH3 
phenylalanine 
With Mj3 mobile phase, we get good separation 
of these two aromatic amino acids (Rp- (Phe) = 0.58 
and Rp. (Tyr) = 0.85), Fig. 1. 
5.0 cm 
1.0 cm 
i r 
. 1 : 
0 
0 
-
L-Tyr 
(0.85) 
DL-Phe 
(0.58) 
Fig. 1 - Separation of L-Tyr and DL-Phe on silica gel 60 F j^, 
HPTLC plates using mobile phase A/^ . 
Thus, buffered mobile phase systems with added 
inorganic electrolyte (ZnSO^) provides better 
chromatographic performance in terms of promotion 
of differential migration of amino acids compared 
to mobile phases with added organic nonelectrolyte 
(urea or thiourea). 
Effect of Impurities 
The separation of constituents depends upon the 
composition of the sample. Therefore, we examined 
the separation possibilities of Phe firom Tyr in the 
presence of added impurities in their mixtures. For 
this purpose amines, inorganic anions and metal 
cations were taken in the sample as impurities and 
the chromatography was performed on silica HPTLC 
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plates with Mjj. In presence of tert-butylamine, m-
phenylenediamine, Cu^* and Z«^ "^ , Tyr shows Rp 
values that fall in the range 0.84-0.89 which are 
very close to its standard Rp value {Rp = 0.85) 
obtained in the absence of impurities and thus, these 
impurities have no influence on the mobility of Tyr. 
However, little higher mobility {Rp range 0.63-0.70) 
from its standard value {Rp = 0.58) was observed 
for Phe under the influence of these impurities. 
Consequently, a poorer separation of Phe from Tyr 
was realized due to enhanced mobility of Phe in 
the presence of these impurities in the sample. 
Interestingly, other amines (tri-n-butylamine, 
diphenylamine and p-phenylenediamine), metal cations 
{Co and Hg ) and inorganic anions {CV, 
NO^', SCAT and SO/') were found to hamper the 
separation. These impurities converted the compact 
spots of Phe and Tyr into diffused spots and hence 
the separation of Phe from Tyr is badly effected in 
, their presence. 
Limit of Detection 
Both amino acids (DL-Phe and L-Tyr) down to 
the concentration level of 7.5 x 10'^ [Ag/ spot can 
be detected. 
Salting-in and Salting- out Effects 
The results summarized in Fig. 2 shows the 
salting-in effect in the case of amino acids such as 
L-His, L-Lys, L-Arg and L-Om where the Rj^ [Rf^ 
= log {\/Rp -1)] decreases with the increase in 
ZnSOi concentration — ^ 
0<MM 0.I7M OJ.1M «.t9M 
-L-His. - L-Arg . 
-L-Lys 
-L-Om 
Fig. 2 - ^^ values decreases with the increase in the concentra-
tion of ZnSO^ in borate-phosphate buffer pH 2.3 as 
mobile phase. 
the concentration of ZnS04 ''^  borate-phosphate 
buffer pH 2.3 {M^Q-M^-^) which were used as mobile 
phase. Conversely, for someother amino acids like 
L-Tyr, DL-Phe, L-Leu, DL-Val, L-Ala, L-Asp, DL-
NIl, L and D-Glu, a salting-out effect was observed 
because in such cases Rj^ values increase with the 
increase in ZnSO^ concentration in the mobile phase 
as evident from Fig. 3. 
0 
-0.4 
K-0.8 
ZnS04 Concentration—^ 
0.04 M o.nw 6J5M O.WM 
t, 
—•—DLJ'ht 
—K—L-Tyr 
—1—LJUp 
—•—L-l.eu 
-«—L-Al l 
D-Clu 
—Ar-OL-Val ! 
—•—L.GIU ; 
—— DLJ(II 1 
-1.2 
-1.6 
Fig. 3 - /f^  values increases with the increase in the concentra-
tion of ZnSO^ in borate-phosphate buffer pH 2.3 as 
mobile phase. 
Chromatographic Parameters 
In order to present a clearer picture of the 
separation of coexisting DL-Phe and L-Tyr on 
HPTLC plates using Mjj as mobile phase, the 
chromatographic parameters such as ARp {Rp value 
of L-Tyr minus Rp value of DL-Phe), a (separation 
factor) and R^ (resolution) were calculated for the 
separation of DL-Phe from L-Tyr from their mixture 
sample for five days. The numerical values have been 
encapsulated in Table 6. As indicated by reasonably 
high values of ARp, a and R^ (Table 6), DL-Phe 
is well separated from L-Tyr in a sample of their 
mixture for five days. The variation in ARp value 
was around 11%. 
Application 
Several important separations of amino acids 
which were achieved experimentally on silica gel 
layers with a variety of mobile phase systems have 
been listed in Tables 7 and 8. 
Conclusion 
The proposed new HPTLC system comprising 
of silica gel 60 F254 HPTLC plates as stationary 
phase and buffered ZnS04 (20%) solution (pH 2.3) 
as mobile phase is most favourable for mutual 
separation of DL-phenylalanine and L-tyrosine. The 
20 A. MOHAMMAD and A. ZEHRA 
proposed system eliminates the use of highly toxic 
organic solvents and hence, it is eco-friendly. 
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Separation of Coexisting Tryptophan, Alanine, 
and Phenylalanine or Tyrosine by Silver Ion 
High-Performance Thin-Layer-Chromatography 
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11ntroduction 
ll has been reported [Ij that metaiation (e.g. cupration, argenta-
tion) of silica gel provides interesting selectivity in thin-layer 
chromatographic (TLC) analysis of amines, alcohols, organic 
acids, lipids, amino acids, halides and inorganic ions. Conse-
quently, adsorbents impregnated with metal ions have been spe-
cially used in TLC of the compounds that possess electron-
donor groups, such as amines, mercaptans, sulfides, sulfon-
amides, and amino acids [2-5]. Argentation TLC based on the 
ability of silver ions to create n complexes with unsaturated !ig-
ands, has found its application in the analysis and structural elu-
cidation of lipids [6]. In addition, argentation TLC has been used 
in the analysis of steroids, alcohols, carbohydrates, organic 
acids, and lipids f7-19]. In view of these facts, we perfonned 
chromatography of amino acids on silica gel 60 F,,^ high-per-
formance thin-layer chromatography (HPTLC) plates impreg-
naied with silver nitrate using borate-phosphate buffer (pi I 2.3) 
as mobile phase. 
DL-threonine (DL-Thr), inorganic anions and metal cations 
(CDH, India); diphenylenediamine (BDH, Indi.i); m and 
p-phenylenediamine (LOBA Cliemie, India); tri-n-bulylamine 
and /er/-butylamine (S.D. Fine Chemicals, India); and phos-
phoric acid (Glaxo, India) were used. 
2,2 Test Solutions 
Test solutions (0.5%) of amino acids were prepared in dcminer-
alized double-distilled water. 
2.3 Detection 
Ninhydrin (0.3%) solution in aceiorte was used So detect all the 
amino acids. 
2.4 Stationary Phase 
The stationary' phases used are listed in Table 1. 
2 Experimental 
2.1 Chemicals and Reagents 
Silica gel 60 F,;^ HPTLC plates (Merck, Germany; #1.05583); 
boric acid, silver nitrate, sodium hydroxide, and ninhydrin 
(Merck, India); glycine (Gly), L-proline (L-Pro), L-histidine 
(L-His), 1. or D-glutamic acid (L or I3-Gki), L-lysinc (L-Lys), 
L-tyrosine (L-Tyr), L or DL-serine (L or DL-Ser), L or D-leucine 
(L or D-Leu), L-arginine (L-Arg), L-ornithine (L-Orn), i. or D or 
DL-alanine (L or D or DL-Ala), DL-aspartic acid (oL-Asp), 
Dl.-valine (DL-Val), DL-phcnylalanine (DL-Phe), D(,-isoIeucine 
(DL-Ile), DL-nor isoleucine (oL-NIl), DL-tryptoplian (OL-Trp), 
DL-2-aminobutyric acid (rjL-Bul), Dt.-nietlvioninc (Di.-Met), 
A. Mohammad and A. Zell^ .•^  Analylical Rescarcli Laboralon'. Dcp.irlincnt of 
Applied Chemislr^-. Faculty of Engitiecring and Tcclinology, Aligarti Muslim 
Uiiivcrsily, Aligarh, India, 
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2.5 Mobile Phase 
Boric acid (0.04 M), phosphoric acid (0.04 M), and sodium 
hydroxide (0.24 M) were used for the preparation of 
Table 1 
The stationary ptiases used. 
Code Stationar>' phase 
S, 
S3 
s, 
s, 
\ 
s. 
Siiica gel 60 F^^ HPTLC plales 
S, Impregnated willi 0.01% nquetm.s .soiulion ofsilver nitrate 
S, linpregn.ileil with 0 .1% aqueou.', solution ofsilver nitrate 
S, Impregnated with 1% aqueous solution ofsilver nitrate 
S| Iriipregniited with 5% aqueous solution ofsilver nitrate 
S| Impregiiiited with 10% aqueous .solution ofsilver nitrate 
Reversed-phrise IIPI'LC plates (f^P-lS V^^^.^, 
S^  linpregnnled with .S'/o aquet)us solution ofsilver nitrnte 
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Table 2 
Th« moblta phasM used. 
Code Mobile phase 
M| Borate-phosphale buffer (pH 23) • 
M, Dorate-phosphate buffer (pH 7.0) 
M, Dorale-phosphate buffer (pH 10.41 
M, 5.Og silver nilrate dissolved in borate-phosphate buffer (pi I 2..1) 
borate-phosphate buffer. The mobile phases used are listed in 
Table 2. 
2.6 Procedure 
Precoaled silica plates were activated at 50 ± 1°C for 30 min in 
an electrically controlled oven, cooled to room temperature 
(25 ± 2°C) and stored in a closed chamber. The silica plates were 
developed by ascending technique with silver nitrate solution to 
a distance of 6.0 cm in a rectangular twin-trough chamber with 
a stainless steel lid (Desaga, Germany), dried at 50°C for 1 h in 
an oven and cooled at room temperature before use. Test solu-
tions (0.015 nL) were applied to UPTLC plates by use of a 
micropipet (Tripetle, Germany) approximately about 1.0 cm 
above the lower edge of the plates. The spots were completely 
dried and then developed in the chosen mobile phases by the 
one-dimensional ascending technique in a rectangular twin-
trough chamber. Solvent ascent was fixed to 5.0 cm from the ori-
gin in all cases. After development, the plates were dried at 50°C 
in an oven and the spots were detected using ninhydrin as chro-
mogenic reagent. The ^^ {R^ of leading front) and R^ (Rf of trail-
ing front) values for each spot were detennined and the R^ value 
was calculated from the equation: 
2.7 Separation 
For the separation, equal amounts of the amino acids to be sepa-
rated were mixed and 0.015 pL of the resulting mixture was 
loaded on the HPTLC plates (Sj). The plates were developed to 
5.0 cm using mobile phase M,, the spots were detected and the 
Rf values of the separated amino acids were detennined. 
2.8 Interference 
To investigate interference from inorganic anions, amines, and 
metal cations on the mutual separation of nonpolar (DL-Ala + 
L-Phe + DL-Trp) and of nonpolar plus polar (DL-Ala + OL-
Tyr + DL-Trp) amino acids, an aliquot (0.015 |iL) of the mixture 
of amino acids to be resolved was spotted on the HPTLC plate at 
the origin. Afier complete drying of spot an aliquot (0.015 fiL) 
of impurity solution {m and/)-phenylenediamine 0.02%, the oth-
ers of 1 %) was spotted on the same spot. The spot was redried 
and the chromatography was performed using mobile phase M,. 
The resolved spots were detected and the Rp values of separated 
amino acids were determined. 
2.9 Limit of Detection 
The detection limits of amino acids (i>i.-Ala, rii.-Plic, |)i.-Trp nnd 
l-Tyr) were determined by spotting dilTercnt amoMnis on the 
HPTLC plates (S,) and chromatography was perfotTiied using" 
mobile phase M,. The plates were delected as described above. 
The method was repeated with successive lowering of the 
amounts of the amino acids. The lowest amount that could be 
detected was taken as the limit of detection. 
3 Results and Discussion 
All amino acids (except histidine, lysine, arginine, and 
ornithine) show higher mobility on unimpregnated silica gel 60 
F,5^  HPTLC plates (S,) compared to Ag ion-impregnated silica 
gel 60 F,;j HPTLC plates, as evident from Table 3. When silica 
gel comes in contact with aqueous silver nilrate, cation 
exchange occurs at the surface of the silica gel to give an adsor-
bent phase of altered selectivity. 
sSiOH +Ag- f>(=SiO)Ag + i r 
On the basis of the mobility pattern on Ag ion-impregnated 
(0.01% to 10%) HPTLC plates (S,-S(,), amino acids can be clas-
sified as described below. 
Amino acids such as L-Glu, i,-Leu, DL-Asp, Di,-Phe, DL-Ser, L-
Ser, DL-Ile, DI.-NII, OL-Thr, D-Glu, and D-Leu which decrease in 
mobility with increasing Ag ion concentration in the layer mate-
rial (S,-S,). 
Generally, basic amino acids such as L-llis and L-Lys which 
increase in mobility with increasing Ag ion concentration. How-
ever, on some stationary phases L-Lys (Sj Sj), L-Tyr (S,), and L-
Om (S5, S^ ) give double spots whereas for L-Arg (Sj, S )^, L-Tyr 
(S,), and L-Orn (S^) tailed spots xvere observed. 
Gly, L-Pro, DL-Val, and DL-But show no change in their R^ value 
(or mobility) with changing Ag ion concentration. 
An initial decrease in Rf value followed by an increase with 
increasing Ag ion concentration was realized for certain amino 
acids (L-Ala, DL-Ala, DL-Trp, DL-Met, and D-Ala). 
To demonstrate the effect of Ag ion impregnation on the mobil-
ity' of amino acids, A/?p values {Ry value of amino acids on unim-
pregnated plates, S|, minus Rf value on impregnated plates, S,) 
were calculated and are plotted in Figure I. From this figure it 
is clear that the impregnant has a significant effect on reduction 
of the mobility of the amino acids. The positive ARf values for 
most of the amino acids are indicative of their higher mobility 
on unimpregnated (S,) plates v/hereas a few amino acids are 
more mobile on impregnated (S5) plates, as is evident from neg-
ative values of ARf. Tryptophan and methionine are the most 
effected amino acids, with significant reduction in mobility on 
silver ion-impregnated silica layers. The lowest mobility of 
methionine may be because of strong affinity of sulfur 
(CHj-S-CHj-CHj-group) toward the Ag ion-impregnated sili-
ca phase. The presence of (>NH) in the bulky indole group 
seems to be responsible for lowering of mobility of tryptophan, 
The Rf values of the amino acids obtained on silica HPTLC 
plates impregnated with 5% AgNOj are either low (i,-Mis, 
DL-Trp, and DL-Met) or medium (Gly, L-Pro, i or D-Glu, L-Lys, 
L-Tyr, L or DL-Ser, L or D-Leu, L-Arg, L-Oni, 1. or D or DL-Ala, 
DL-Asp, DL-Val, DL-Phe, DL-Ile, DL-NII, DL-BUI, and OL-Thr) in 
borate buffers of pll 7.0 and 10.4 and hence only binary separa-
tions are possible with these mobile phases. With borate buffer 
of pll 2.?t, binary and ternary separation.^ can be obtained. Coin-
300 Journal ol Planar Chromatography 21 (£008) 4 
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Tabl«3 
Th« mobility of th« amino adds on onlnipregnate<l silica gel 60 F,,, HPTLC plates and on plates Impregnated with dltlerent concentrations ot Ag 
ion, with borat»-phosphata buffer pH 2.3 as mobile phase. 
Amino 
acid 
Gly 
1 
1 | I | S 
L-GIll 
L-Lys 
Unimpregnated 
plate 
0.82 
0,67 
0,20 
0,95 
0,20 
0,01" 
Ag' t<m impregnated HPTLC plate 
0 . 1 " ! !••" 5 ' 10-
L-Tyr 0,93 
L-Ser 
L-Leu 
L-Arg 
L-Om 
L-Ala 
OL-Asp 
DL-Ala 
DL-Val 
DL-Phe 
DL-Ser 
DL-M^ 
DL-Thr 
D-Glu 
o-Leu 
o-Ala 
0,96 
0,79 
0,22 
0.21 
0.96 
0,96 
0,96 
0.84 
0.83 
0.97 
0,81 
0.97 
0,96 
0,78 
0.90 
0,83' • 
0,68 
0,26 
0,96 
0,22 
0,69 
0 91 (D) 
0.91 
0,79 
0,19 
0,27 
0,88 
0,98 
0,R9 
0.82 
0,80 
0,93 
0,82 
0,87 
0,96 
0,77 
0,93 
0.83 
0,68 
0.28 
0.95 
0.23 
0,66 (T) 
0,89 
0,76 
• 0.21 
0,24 
0,85 
0,95 
0.85 
0.82 
0.75 
0,89 
0,30 
0,86 
0,95 
0,77 
0.82 
0,83 
0,69 
0,29 
0,94 
0,53 
0,57 
0,88 
0,76 
0.39 
0,58 (T) 
0,86 
0.94 
0,88 
0.82 
0,73 
0,89 
0,27 
0.85 
0.95 
0,76 
0.83 
0.82 
0 67 
0.31 
0 78 
0.33 
0.77 (D) 
0,70 
0,84 
0,69 
0.41 (T) 
0.35 
0.91 (D) 
0,88 
0.82 
0,89 
0,80 
0,63 
0.84 
0,14 
0,85 
0.80 
0.7 i 
0.85 
• 0,83 
0.68 
0.32 
o.:'2 
0.-v"i 
0.79(D) 
072 
0.7.] 
0.67 
0.42 (T) 
0.38 
0.88(D) 
0.89 
0,80 
0,89 
0,80 
061 
0.80 
0,16 
0,75 
0.68 
0.66 
0.89 
"AgNOj concentration [%] used to impregnate plate 
(T) = Tailed spot, (D) = Double spot 
pared to the mobility (R^ = (>.27) in acidic mediunt (pH 2,3), 
DL-Trp is more mobile at neutral pH (pH 7.0), /?p = 0.53 and 
alkaline pH (pH 10.4), Rf = 0.53. Therefore, it was selected for 
further studies. The selected TLC system (stationary phase 5% 
Ag ion impregnated silica HPTLC plate and boratc-phosphate 
buffer, pH 2.3 as mobile phase) Mi-S j can resolve: 
- a mixture of nonpolar amino acids (DL-Ala + DL-Phe + 
DL-Trp), 
- a mixture of nonpolar plus polar amino acids (DL-Ala + 
L-Tyr + I3L-Trp). 
- These separations are important because the resolved spots 
^r-- veiy close pi values (in parentheses) DL-Ala (6.00), |)l.-Plie 
;'' i v), DL-Trp (5.89), and L-Tyr (5.66). 
- To find other TLC systems capable of resolving the tnixlurcs 
of amino acids mentioned in (a) and (b), different approaches 
were adopted as discussed below. 
-Stat ionary phase silica gel 60 Fj , , HPTLC layer and mobile 
phase buffer pH 2.3. (Amino acids move together and separa-
tions could not be achieved, Figure 2A), 
Amino AcWs 
Figure 1 
Plot of &Rf values lor Itie amino acids. 
- Stationary pliase silica gel 60 F,;j HPTLC layer and buffered 
silver nitrate (5%) solution (pll 2,3) ns mobile piiase, (Amino 
acids could not be resolved as llicy gave a single spot, 
Figure 2C), 
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Figure 2 
Saparation of the amino acid mixtures oL-Ala -^'ot-Phe + OL-Trp and 
oi-Ala + L-TVr + ot-Tlp. A. Silica gel 60 F^, HPTLC plates (S,) devel-
oped with t>orata buffer pH 2.3 as mobile phase (M,). B. 5% Silver 
nMrate-impregnated HPTLC plates (SJ developed with borate buffer 
HH 2.3 as mobile phase (M,). C. Silica gel 60 F ^ HFTUC plates (S,) 
developed with buffered silver nitrate (5%) solution (pH 2.3) as 
mobile phase (MJ. D. RP-18 F j j^ plates (S,) developed with borate 
buffer pH 2.3 as mobile phase (M,). E. S% Silver nitrate impregnated 
RP-18 F,j^ plates (S,) developed with borate butter pH 2.3 as mobile 
phase (M,). f: RP-18 Fj545 plates (S,) developed with buffered silver 
nitrate (5%) solution (pH 2.3) as mobile phase (M,). 
- Reversed phase-ISF^j^j HPTLC layer as stationary pliase and 
buffer pH 2.3 as mobile phase. Mixture (a) could not be resolved 
but mixture (b) is resolved. Figure 2D. 
-Reversed phase-lSFjj^j HPTLC layer impregnated with 5% 
aqueous silver nitrate solution as stationary phase and buffer 
pH 2.3 as mobile phase (results as in Figure 2E). 
-Stat ionary phase RP-lSFj,^^ HPTLC layer and mobile phase 
buffered silver nitrate (5%) solution (pH 2.3), results as in 
Figure 2F. 
From comparison of normal-phase (Figure 2B) and reversed-
phase TLC (Figures 2D-2F) results, it is interesting to note thai 
resolution of the amino acids DL-Ala + L-Tyr + DL-Trp from their 
mixture is improved on reversed phase HPTLC plates whereas 
the mixture DL-Ala + DL-Phe + DL-Trp could not be resolved. 
Therefore, the selected TLC system (Mj-Sj) is llie best as it is 
capable of resolving mixtures containing nonpolar and polar 
amino acids, as is evident from Figure 2B. 
Separation of the amino acids depends upon the composition of 
the sample. With this view, separation possibilities of two mix-
lures, DL-Ala +DL-Phe + DL-Trp and DL-Ala + L-fyr + DL-Trp 
were examined in the presence of impurities. Amines, inoruniiic 
anions, and metal cations were taken as impurities and chro-
matography was perfonned with the selected TLC system 
(M^-Sj); the results are listed in Table 4. tn the prcsejice of 
metal cations (Zn^*, Pb^', Tl-' , Ni ' ' , and Cu^'), anions (CL, 
SO^^", NOj", and SCN"), and amines (diphenylamine, tri-n-buty-
lamine, 'er/-butylamine, and w-phenylenediamine), DL-Ala, DL-
Phe, and DL-Trp were well separated from their mixture. Inter-
estingly, other metal cations (Li ' , Ba^', A i " , Th**, Mg^*, and 
Co-') and the amine/;-phenylenediamine were found to hamper 
the separation. Clear separation of the three-component mixture 
DL-Ala + I.-Tyr + Di.-Trp is possible in the presence of metal 
cations AI' ' , Pb^*, Cu^', and Co-' and the inorganic anion SO^^". 
Other metal cations (Li', 13a'', Th'", Zn*', l lg- ' , and Ni-'), inor-
ganic anions (CI , NO, , and SCN ), and amines (dipheny-
lamine, tri-n-butylamine, ten- butylamine, m and /;-phenylene-
diamine) have a deleterious effect on the separation efficiency 
by transforming the compact spots of OL-Ala, L-Tyr and DL-Trp 
into diffuse spots and hence no separation was possible in the 
presence of these impurities, as is evident from Table 4. 
The lowest possible detectable amounts of amino acids obtained 
on silica HPTLC plates impregnated with 5% Ag ion (Sj) devel-
-DL-Tn) Qped vvith M, are: for DL-Phe 4.5 ng spot"', and for DL-Ala, 
L-Tyr, and DL-Trp 7.5 ng spot"'. These data show that the pro-
posed method is a very efficient means of identifying amino 
acids at the nanogram level. 
Some important separations of amino acids experimentally real-
ized on Ag ion-impregnated stationary phases (Sj and Sj) with 
borate buffer pH 2.3 (M,) include: 
l.-Lys (0.23) - DL-lle (0.75) - L or D-Glu (0.96) 
L-Arg (0.21) - DL-Nl l (0.74) - DL-Asp (0.95) 
L-Orn (0.23) - L-Leu (0.75) - L-Ser (0.92) 
on S, and 
L-His (0.3 !) - i.-Pro (0.68) - t. or Dl.-Ser (0.84); 
DL-Trp (0,27) - L or D-Leu (0.70) - L or D or DL-Ala (0,89) 
DL-Mel (0,14) - DL-Phe (0.63) - DL-Thr (0,86) 
on S, 
From comparison of the proposed new method with earlier 
reported TLC procedures (Table 5), it is clear that the reported 
method is advantageous because it provides well resolved spots 
of the amino acids Ala + Phe or Tyr + Trp from their mixtures 
and avoids the use of toxic organic solvents in the mobile phase. 
4 Conclusion 
The new HPTLC system comprising 5% Ag ion-impregnated 
silica gel 60 F^jj HPTLC plates as stationary phase and borate 
buffer pH 2,3 as mobile phase was the most favorable system for 
separation of: 
- DL-Ala + DL-Phe + DL-Trp 
- DL-Ala + L-Tyr + DL-Trp 
Such separations could not be achieved with: 
- Silica gel 60 F,,^ HPTLC plates with mobile pha.fc buffer pH 
2,3. 
-S i l i ca gel 60 F,,,, IIPTI.C pinlos with liutroroil ...liver nltroic 
(5%) solution (pH 2,3) as mobile [)liase, 
- The mixture DL-Ala + DL-Phe + Dl.,-Trp could not be resolved 
on reversed phase-18 Fij^^ HPTLC plates. 
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Tabte 4 
Separation ot mixtures*', In the pr«s«nc« of Impurities (cations, anions, and amines), on 5% Ag Ion-Impregnated silica gel 60 Fj„ HPTUC plates 
using M, (t>orat« buffer pH 2.3) as mobile phase. 
impurities DL-Ala + DL-Phe + DL-Trp DL-Ala + L-Tyr + UL-Trp 
Al>' 
Zn" 
Pb=' 
Ni'* 
Cu'-
Co'* 
TF' 
ci-
so,^ -
NO, 
•iCN-
Diphenylamine 
Tri-n-butylamine 
/er^-butylamine 
m-Phenylenediamine 
No separation 
0.85 
0.95 
0.90 
0.87 
No separation 
0.91 
0.80 
0.77 
0-85 
0.82 
0.80 
0.77 
0.79 
0.80 
0.66 
0.71 
0.60 
0.54 
0.69 
0.56 
0.54 
0,58 
0.55 
0.55 
0.58 
0.56 
0.56 
0,93 
0.26 
0.29 
0.29 
0.29 
0.95 
0,.19 
0.15 
0..12 
0.34 
0.34 
0.28 
0.37 
0.31 
0.34 
0.78 
No separation 
0.93 
No separation 
0.93 
0.65 
No separation 
No separation 
0.92 
No separation 
No separation 
No separation 
No separation 
No separation 
No separation 
0.40 
0.79 
0.82 
0.25 
0.63 
0.42 
0.27 
0,19 
"Separations could not be achieved in the presence of Li', Ba-'. Th*'. Hg-'. orp-phenylenediamine 
Table 5 
Comparison of TLC methods used for analysis of Ala, Phe/Tyr, and Trp. 
Stationary phase Mobile phase 
Ala 
Rf values 
Phe/Tyr Trp Ref. 
Silica gel 
Cellulose 
Merck silica gel 
Merck RP-18 
Merck RP-18W 
0.5% Cd-' impregnated silica 
0.2% Hg-* impregnated silica 
11.2% Zn" impregnated silica 
Fixion ion-exchange sheet 
(Na'form) 
5% Ag* impregnated silica 
Dichloromethane-MeOH-propionic acid (30; 1:0.5) 
Butan-2-ol-glacial acetic acid-water (3. l;l) 
n-Butanol-glacial acetic acid-water (3:1:1) 
/)-Propanol-water (7:3) 
butyl acetate-methanol-acetic acid-pyridine (20:22:5:5) 
84g Citric acid + 16g NaOl 1 + 5.8g NaC:i + 
54g Ethylene glycol + 4mL cone HCI (pll 3.3) 
Borate-phosphate bufTer (pH 2.3) 
0.61 
0.38 
0.32 
0.71 
0.54 
0.38 
0.45 
0.40 
0,51 
0,89 
0.76/0,73 
0,68'0,46 
0.55/0,53 
0,83/0,88 
0,61/0,67 
0,55/0,48 
0,68/0,55 
0,57/0,52 
0,14/0.12 
0,63/0,70 
0,53 
055 
0,57 
0.85 
0,63 
0.51 
0.60 
0.53 
0.02 
0.27 
20 
21 
22 
23 
This study 
This sti;dy clearly shows the efTectiveness of (lie Ag ion in the 
stationai7 phase for achieving analytically important separa-
tions of amino acitjs. 
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Specific Separation of Thiamine from 
Hydrophilic Vitamins with Aqueous Dioxane 
on Precoated Silica TLC Plates 
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Summary. Specific separation of thiamine hydrochloride from riboflavin, nicotinic acid, 
calcium D-pantothenate, pyridoxine hydrochloride, cyanocobalamin, and ascorbic acid 
has been achieved on commercial precoated silica gel 6OF2S4 TLC plates with dioxane-
water 1:1 (v/v) as mobile phase. The spots were visualized under UV light. The effect of 
impurities (metal cations and inorganic anions) on the chromatography of thiamine h\ -
drochloride was examined. The detection limit for thiamine hydrochloride was 0.09 pg 
per spot and the relative standard deviation of the Rp value of thiamine hydrochloride in 
five analyses was 14,99%, The applicability of the method to the identification of thia-
roine in pharmaceutical formulations was also tested. 
Key Words: separation, hydrophilic vitamins, aqueous dioxane, precoated silica TLC 
plates 
Introduction 
According to the literature, thin-layer chromatography (TLC) in its normal 
and reversed-phase modes has been found useful for separation and identi-
fication of vitamins [1-5], The mobile phases frequently used for analysis of 
hydrophilic and lipophilic vitamins include mixed organic or aqueous-
organic solvents [6, 7], Documented work on TLC analysis of vitamins re-
veals that most studies have been performed using methanol, ethanol, bu-
tanol, acetone, chloroform, ammonia, pyridine, benzene, and toluene as one 
of the components of the mobile phase in combination with adsorbents such 
as silica gel, heulandite, LiChrospher, cellulose, and surface-modified silica 
gel [8-13]. For reversed-phase TLC of hydrophilic and lipophilic vitamins, 
kieselguhr and cellulose impregnated with 10% paraffin oil [14,15], and RP-
0231-2522 © 2008 Akademiai Kiado, Budapest 
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18 [5] and RPI8WF254 HPTLC plates [16] have been used with mixed aque-
ous-organic naobile phases. Perisic-Janjic et al. have analysed fat-soluble vi-
tamins on starch, cellulose, and talc thin layers impregnated with paraffin 
oil using two different solvents - water-dioxane-acetone-formaldehyde 
and acetone-concentrated acetic acid [17]. 
Taking into consideration all these facts, we decided to use dioxane-
water (i.e. aqueous dioxane) as mobile phase for analysis of hydrophilic vi-
tamins on precoated silica gel 6OF254 TLC plates. As far as we are aware, di-
oxane-water system has not been used as mobile phase for TLC analysis of 
vitamins. 
This communication deals with the use of dioxane-water 1:1 {v/v) for 
specific separation of thiamine hydrochloride from riboflavin, nicotinic 
acid, calcium D-pantothenate, pyridoxine hydrochloride, cyanocobalamin, 
and ascorbic acid on silica precoated chromatographic plates. 
Experimental 
Chemicals and Reagents 
1,4-Dioxane was from Merck (India). The vitamin pyridoxine hydrochlo-
ride. Be, was purchased from Merck (India); all other vitamins (thiamine 
hydrochloride, Bi; riboflavin, B2; nicotinic acid, B3; calcium D-pantothenate, 
B5; cyanocobalamin, B12; and ascorbic acid, C) were obtained from CDH 
(India). 
Standard solutions of the vitamins were prepared in water; the concen-
trations were 0.2% for cyanocobalamin and riboflavin and 0.5% for the 
other vitamins. 
The drugs investigated were from a variety of sources. Astymin Forte 
was from Healkraft Pharma (India), Nutrisan was from Twilight Litaka 
Pharma (India), Supradyn and Becozyme C Forte were from Bayer Con-
sumer Care (India), Alamin M Forte was from Albert David (India), and Ri-
conia was from Ranbaxy Rexcin Pharmaceuticals (India). 
Chromatography 
TLC was performed on precoated silica gel 6OF254 plates (Merck, Germany; 
#1.05554). Before use the plates were activated at 50 ± 1°C for 30 min in an 
electrically controlled oven. After activation, the plates were cooled at room 
temperature (25 ± 1°C) and stored in a closed chamber at room temperature. 
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Test solutions (0.015 pL) were applied to the plates by use of micropipettes 
(Tripette, Germany), 1.0 cm above the lower edge of the plates. The spots 
were left to drv' completely and the plates were then developed by the one-
dimensional ascending technique in a rectangular twin-trough chamber 
with stainless-steel lid (Desaga, Germany). The mobile phases used were 
1,4-dioxane (Mi), 1,4-dioxane-water 1:1 {v/v) (M2), 1,4-dioxane-water 1:2 
{v/v) (M3), and 1,4-dioxane-water 2:1 {v/v) (M4). Solvent ascent was fixed to 
5.0 cm from the origin. After development, the plates were dried at 50°C in 
an oven and the spots for thiamine hydrochloride, B3, B5, Be, and C were 
visualized in UV light (model S.L.W., Advance Research Instruments, hi-
dia). Folic acid, cyanocobalamin and riboflavin were visible as coloured 
spots in daylight. RF values were calculated by use of the equation: 
Rv = (KL + RT)/0 .5 
where Rt is the Rf of the leading front of the spot and RT is the KF of the 
trailing front. 
For mutual separation, equal volumes (l.OmL).of the aqueous solu-
tions of the vitamins were mixed and 0.2 pL of the resulting mixture was 
applied to the plates. The plates were developed with 1:1 (v/v) dioxane-
water (M2) as mobile phase, the spots were visualized, and the RF values of 
the separated vitamins were determined. 
To investigate the effect of inorganic anions and metal cations on the 
separation of thiamine hydrochloride (Bj) from a multicomponent mixture 
of the other vitamins, 0.2 pL of the foreign substance (1 % aqueous solution 
of cations or anions) was spotted with the mixture (0.2 pL) of thiamine hy-
drochloride + B2 + B3 + B5 + Be + B]2 + C, chromatography was performed, 
the spots were visualized, the RF values of thiamine hydrochloride were de-
termined. 
The detection limit of thiamine hydrochloride was determined by spot-
ting different amounts on a plate, developing the plate with mobile phase 
M2 and visualizing the spots. The method was repeated with successive re-
duction of the amount of the vitamin. The smallest amount that could be 
detected was taken as the limit of detection. 
To check the repeatability of Rp values, equal volumes of solutions of 
the vitamins thiamine hydrochloride, B2, B3, B5, Be, B12, and C were mixed 
and 0.2 pL of the resulting mixture was applied to a plate. The plate was 
developed with dioxane-water 1:1 (v/v) (M2) and spots were visualized in 
UV light. The same process was repeated five times with the prepared mix-
ture by the same analyst on the same day (short interval of time) and RF 
values of separated vitamins were calculated. 
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For identification of thiamine in pharmaceutical formulations capsules 
and tablets were powdered and dissolved in 10 mL of double distilled wa-
ter. The resulting samples (0.2 ]iL) were loaded on to plates and de\'eloped 
with mobile phase M2. The plates were dried at 50°C and the spots were 
visualized in UV light. 
Results and Discussion 
The results of this study have been summarized in Table 1 and Figs 1 and 2. 
From Table I it is clear that when pure dioxane (Mi) is used as mobile phase, 
folic acid, thiamine hydrochloride, B3, B5, and B12 have little or no mobility, 
Be has high mobility, and vitamin C has a medium RF value. To examine the 
effect of water in dioxane on the mobility of the vitamins, chromatographv 
of all the vitamins was performed with dioxane-water, 1:1, 2:1, and 1:2 
(v/v). Folic acid was the only vitamin giving a badly tailed spot from the 
point of application to the solvent front with all aqueous dioxane systems. 
Addition of water to dioxane increases the mobility of the other vitamins. 
The double spots formed by B2 when chromatographed with dioxane (Mi) 
were converted into a single compact spot when aqueous dioxane mobile 
phases (M2-M4) were used. Because use of mobile phase M2 enabled specific 
separation of thiamine hydrochloride from B2, B3, Bj, B6, B12, and C {Fig. 1), 
this mobile phase was selected for further studies. 
Table I. RF values of the vitamins on silica gel 6OF254 plates developed with pure dioxane 
and with aqueous dioxane mobile phases 
Vitamin 
Thiamine hydrochloride 
B2 
B3 
Bs 
B6 
B12 
C 
Folic acid 
KF Value 
Ml 
0.00 
0.19, 0.83, D 
0.28 
0.27 
0.82 
0.07 
0.45 • 
0.00 
M2 i M3 
0.03 
0.95 
0.93 
0.93 
0.84 
0.98 
0.98 
0.50T 
0.06 
0.92 
0.90 
0.90 
0.81 
0.92 
0.97 
0.50T 
M4 
0.10 
0.89 
0.86 
0.87 
0.81 
0.89 
0.92 
0.50T 
D, double spot; T, tailing spot 
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fig. 1. Separation and identification of thiamine from a mixture of vitamins 
(B2 + B3 + B5 + Bb + B]2 + C) on silica gel plates developed with mobile phase M2 
A, thiamine spot; B, spot of other vitamins 
D 
Fi^. 2. Separation and identification of thiamine in drug samples on silica gel plates de-
veloped with mobile phase Mj. C, thiamine spot; D and E, spots of the other components 
and vitamins present in the drug samples. 1, Astymin Forte; 2, Nutrisan; 3, Supradyn; 
A, Alamin M Forte; 5, Riconia; and 6, Becozyme C Forte 
Separation of thiamine hydrochloride from the other vitamins was also 
examined in the presence of metal cations and inorganic anions as contami-
nants. The contaminants Cu^*, Zn2% Th^ -^ , Ni2+, Pb2^ Ba2-^ , T^, Li+, C1-, 
SCN-, NO3-, SO42-, A13^ Co2^ and VO2+ did not substantially affect the RF 
value of thiamine hydrochloride. The detection limit for thiamine hydro-
chloride was 0.09 pg per spot. The relative standard deviation for thiamine 
hydrochloride was 14.99%. 
The applicability of the method to the identification of thiamine hydro-
chloride in pharmaceutical formulations was also tested; the results are 
shown in Fig. 2. It is clear that the method can be successfully applied to the 
identification of thiarhine hydrochloride with preliminary separation from 
other components on silica gel plates. 
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Conclusion 
Thin-layer chromatography on precoated silica gel 6OF254 plates with di-
oxane-water 1:1 (v/v) as mobile phase can be used for specific separation of 
thiamine hydrochloride from B2, B3, B5, Be, B42, and C. The proposed method 
could be used for identification of thiamine in drug samples. 
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Summary 
V thin-layer chromalographic system comprising a silica layer 
impregnated with nonionic surfactant (2% Cween 80) as stationary 
phase and double-distilled water as mobile phase was identified as 
the most favorable system for mutual separation of the water-solu-
ble vitamins thiamine, cyanocobalamin, and ascorbic acid. The 
presence of inorganic anions and metal cations as impurities in the 
sample, the effect of different solvents of the analyte, and the effects 
uf pH of sample and mobile phase were examined for separation of 
the three-component mixture. It was possible to separate micro-
gram amounts uf thiamine from milligram amounts of cyanocobal-
amin and vice versa. The stability of the mixture uf thiamine, 
cyanocobalamin, and ascorbic acid; the relative standard deviation 
of the Ry values of separated components of the mixture; and the 
lowest detectable amounts of the three vitamins were determined. 
The proposed thin-layer chromatographic method is suitable for 
identification and separation of thiamine, cyanocobalamin and 
ascorbic acid in drug samples. 
1 Introduction 
Normal-phase and reversed-phase thin-layer chromatography 
(TLC) have been found very useful for identification and sepa-
ration of vitamins (1-7]. The stationary phases used for analysis 
of hydrophilic and lipophilic vitamins include heulandite, 
LiChrospher, silica gel, kieselguhr, cellulose, and surface modi-
fied silica gel [8-15]. Bhushan and Parshad[\'i] have achieved 
separations of vitamin B complex and folic acid on silica gel 
layers impregnated with inorganic ions using mixed aqueous-
organic mobile phases containing «-propanol, n-butanol, vi^ ater, 
and ammonia. Mixed organic mobile phases have been widely 
used for analysis of water-soluble and fat-soluble vitamins [7, 
16-18]. Surprisingly, double-distilled water as mobile phase has 
not been used for analysis of vitamins whereas its analytical 
A. Mohammad and A. Zehra. .Analytical Research Laboratory, Department of 
Applied (,"hemistr>'. Faculty of Engineering and Technology, Aligarh .Muslim 
UniversiQ'. Aligarh-202002. India. 
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potential as mobile phase has been used for rapid separation of 
inorganic anions on silica [ 19]. 
None of the studies performed so far reports the use of silica gel 
impregnated with surfactants in combination vviih double-dis-
tilled water as mobile phase for identification and separation of 
water-soluble vitamins. This communication is probably the 
first report of the use of silica gel impregnated with nonionic 
surfactant as layer material in TLC analysis of vitamins. .A sec-
ond fascinating feature of this study is the use of double-distilled 
water as the simplest, highly pure, nontoxic, and inexpensive 
mobile phase which can be repeatedly used without any change 
in composition. 
2 Experimental 
2.1 Chemicals, Reagents, anij Solutions 
Silica gel 'G' was from Merck (India), cetylpyridinium chloride 
(CPC), jV-cetyl--V,jV,jV-trimethylammonium bromide (CTAB), 
polyoxyethylene(2)sorbitan monolaurate (Tween 20, Tw 20). 
polyoxyethylene(20)sorbitan monolaurate (Cween 20, Cw 20). 
Cween 80 (Cw 80), and the vitamins folic acid, cyanocobalamin 
(B|,), thiamine (B,), and ascorbic acid (C) were from CDH 
(India), sodium dodecyl sulfate (SbS) was from BDH (India). 
sodium deoxycholate (SDC) and Brij 35 were from Loba 
Chemie (India), and Brij 78 was from Aldrich (Germany). 
Aqueous test solutions were prepared from all the vitamins (l°o, 
except cyanocobalamin, 0.5%). A mixed solution was prepared 
by mixing 1 mL of these solutions. 
2.2 Chromatography 
2.2.1 Preparation oi Plates 
Plain silica gel plates were prepared by mixing silica gel with 
double-distilled water in the ratio I :.^  with constant shaking unti I 
a homogeneous slurry was obtained. The resulting slurry was 
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Table 1 
The stationary phases used. 
Code 
S, 
S, 
s, 
S, 
S, 
s,, 
S.-
s, 
s. 
S,;, 
s, 
s, 
s, 
s,. 
s, 
s„. 
S,-
s,. 
s,,, 
s,„ 
s,. 
S;, 
• S , . 
s.. 
S-, 
s> 
S,-
S:, 
Statii)nar\ phai^c 
Silica gel 'G' 
Silica gel 'G' slurry in 0.001% CTAB 
Silica gel 'G' slurry in 1% CTAB 
Silica gel 'O ' slurry in 2% CTAB 
Silica gel -G" slurry in 0.001% CPC 
Silica gel 'G' slurry in 1% CPC 
Silica gel 'G' slurry in 2% CPC 
Silica gel 'G' slurry in 0.001% SDS 
Silica gel 'G' sluny in 1% SDS 
Silica gel G" slurry in 2% SDS 
Silica gel 'G' slurry in 0.001% SDC 
Silica gel 'G' slurry in 1% SDC 
Silica gel 'G' slurry in 2% SDC 
Silica gel 'G'slurry in 0.001% Brij 35 
Silica gel 'G" slurry in 1% Brij 35 
Silica gel 'G'slurry in 2% Brij 35 
Silica ge! 'G'slurry in 0.001% Brij 78 
Silica gel 'G ' slurry in 1% Brij 78 
Silica gel 'G' slurry in 2% Brij 78 
Silica gel 'G' slurry in 0.001% Cwcen 20 
Silica gel 'G ' slurry in 1% Cween 20 
Silica gel 'G' slurry in 2% Cween 20 
Silica gel 'G' slurry in 0,001% Cween 80 
Silica gel 'G' slurry in 1% Cween 80 
Silica gel 'G' slurry in 2% Cween 80 
Silica gel "G' slurry in 0.001% Tween 20 
Silica gc) 'G" slurry in 1% Tween 20 
Silica gel "G" slurry in 2% Tween 20 
applied to 20 cm > 3.5 cm glass plates by means of an applica-
tor (Toshniwal, India) to give a 0.25-mm layers. The plates were 
dried at room temperature and then activated at 100 ± 2°C in an 
oven for 1 h. The activated plates were stored in a closed cham-
ber at room temperature until used. 
Impregnated silica gel plates were prepared by mixing silica gel 
with aqueous surfactant (CTAB, CPC, SDS, SDC, Brij 35, Brij 
78, Cw 20, Cw 80, or Tw 20) solution in the ratio 1:3 with con-
stant stirring until a homogenous slurry was obtained. Thin lay-
ers of the resulting slurry were prepared as described above. The 
stationary phases used are listed in Table 1. 
2.2.2 Procedure 
Test solutions (0.1 nD were applied to the plates, by means of a 
micropipette (Tripette, Germany), approximately 2 cm above 
the lower edge and the spots were dried in air. Both plain and 
impregnated silica gel layers were developed by the ascending 
, I 
1 ' ^'' 
I'AA i i i i 
• • ' - • 
• • * -
i l l 
\ m imii^ 
-A .-. 
• • • 
t i 
'A 
r 
0 A 
F.:lic x:,i 
(C) 
Figure 1 
Comparison of R, values obtained on plain silica gel (•) (A-C) and on 
silica gel impregnated with surtactant ( • , 2% CTAB, A; • , 2% SDS, 
B; • , 2% Cw 80, C). Folic acid on plain silica produced a badly tailed 
spot from tfie point of application to the solvent front. 
technique, to a distance of 10 cm from the point of application, 
with double-distilled water as mobile phase, in 24 cm x 6 cm 
glass jars previously saturated with mobile phase vapor for 30 
min. All experiments were performed at 30 ± 2''C. After devel-
opment, the plates were dried in oven at 60°C. Folic acid and 
cyanocobalamin were self detected; the other spots were detect-
ed by placing the plate in an iodine chamber. After measuremeni 
ofR^ (Rf of leading edge of spot) and Rj {Ry of trailing edge) R, 
values were calculated by use of the formula i?p = (K^  + i?,)/2. 
For mutual separations, equal volumes (1 mL) of the vitamin 
solutions were mixed and 0.2 nL of the resulting mixture was 
applied to stationary phase S-,,. The plates were developed and 
dried, the spots detected, and R^ values calculated as described 
above. 
To study the effect of sample and mobile phase pH, a few drops 
of HCl or NaOH were added to the sample solution (B,, + B, + 
C only) or to the mobile phase, to adjust pH to ~2 or ~ 10, respec-
tively, and the samples were chromatographed on 8,^ . 
To investigate possible interference with the separation of metal 
cations and inorganic anions, as impurities, 0.2 |JL of the vita-
min solution (B|, -I- B| -t- C only) was spotted, at the same posi-
tion, with 0.2 nL foreign substance or impurity solution and 
chromatography was performed on S,,. 
To investigate microgram separations of thiamine from 
cyanocobalamin, and vice versa, a TLC plate (S ,^) was first 
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Table 2 
The mobility of vitamins on different stationary phases using double-
distilled water as mobile phase. 
Table 3 
Rf values of water-soluble vitamins on nonionic surfactant-impreg-
nated silica gel as stationary phase. 
Stationary' 
phase 
s, 
s. 
S3 
s, 
S5 
s. 
s, 
s, 
s. 
S,o 
s„ 
s,. 
s„ 
Folic at 
0.50 T 
0.50 T 
0.05 
0.03 
0.50 T 
0.04 
0.03 
0.% 
0.92 
0.95 
0.50T 
0.90 
0.66 
:id 
0.22 
0.26 
0.27 
0.45 
0.36 
0.40 
0,56 
0,34 
0.42 
0.48 
0.52 
0.52 
0.73 
B, 
0.10 
0.07 
0.15 
0.30 
0.!! 
0.18 
0,36 
0.08 
0.09 
0.11 
0.13 
0.13 
0.17 
T, tailed spot; folic acid produced a badly tailed spot from the 
application to solvent front 
C 
0.98 
0.77 
0.15 
0.13 
0.72 
0.15 
0.13 
0.74 
0.02 
0.01 
0.75 
0.02 
0.01 
point of 
Stationao 
phase 
Su 
s,. 
s,« 
S,, 
s„ 
S|, 
s., 
s., 
s,, 
s» 
^u 
•S,, 
S.0 
Folic acid 
0.50 T 
0.97 
0.94 
0.84 
0.99 
0.95 
0.98 
0.93 
0.95 
0.50T 
0.99 
0.97 
0.99 
0.99 
0.99 
R 
0.15 
0.27 
0.27 
0.24 
0.34 
0.45 
0.22 
0.30 
0.42 
0.20 
0.39 
0.60 
0.42 
0.55 
0.81 
F 
0.09 
0.10 
0.07 
0.08 
0.09 
0.13 
0.10 
0.09 
0.10 
0.08 
0.15 
0.20 
O.iO 
0.11 
0.28 
C 
0.71 
0.70 
0.90 
0.80 
0.99 
0.98 
0.95 
0.98 
0.99 
0.90 
0.95 
0.97 
0.80 
0.85 
0.90 
T, tailed spot; folic acid produced a badly tailed spot from the point of 
application to solvent front 
sponed with I nL thiamine solution (5 (ig) and then, at the same 
position, with 1 |jL from a .series of standard solutions of 
cyanocobalamin containing 0.005 0.018 mg pL '. Another TLC 
plate was first spotted with I pL cyanocobalamin solution (5 ^g) 
and then, at the same position, with 1 |JL from a series of stan-
dard solutions containing 0.005-0.03 mg ;iL~'. chromatography 
was perfonned as desciibed above. 
2.23 Validation 
To check the repeatability of/f^  values, 0.2 jtL of mixed solution 
(B,, + B| + C only) was applied to plate S25. Chromatography as 
described above was performed five times by the same analyst 
within a day (short interval of time). To measure reproducibility, 
the same procedure w;is repeated by different analysts in the 
same laboratoo' on five days. The detection limits of the vita-
mins (B|, + B| -t- C only) were determined by chromatographing 
decreasing amounts on plate S„ to find the lowest detectable 
amounts. The limit of dilution was determined by use of the 
expression; 
Dilution limit = l;(Volume of test solution x 10<')/{detection 
limit [jig]) 
3 Results and Discussion 
The unique features of this study are; 
a) Selection of surfactant-mediated stationary phase containing 
nonionic surfactant (C'ween 80). 
b) Use of double-distilled water as the simplest, nontoxic, envi-
ronmentally acceptable mobile phase. 
c) Simultaneous separation of vitamins B,.,, B, and C under the 
experimental conditions; 
Figure 2 
SEM images of pure silica gel (A) and silica gel impregnated with 
Cween surfactant (B). 
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Table 4 
Separation of vitamins B,, and B, from C on S^y using double-dis-
tilled water as mobile phase, in the presence of cations and anions as 
impurities. 
Invpuritv 
B„ 
Mixture 
n, c 
1 i 
Na 
k 
Ca • 
Ba • 
Zn-
Ni--
v i>-
Hg-' 
Pb'-
Cu 
Ccv 
Al-
CI 
NO: 
SCN 
ND, ncn detected 
0.88 
0.90 
0.85 
0.89 
0.8-1 
0.88 
0.77 
0.71 
0.77 
0.90 
0.77 
0,77 
0.87 
0.90 
0.89 
0.25 
0.26 
0.23 
0.24 
0.23 
0.21 
0.25 
0.29 
No separation 
ND 
ND 
ND 
0.29 
0,20 
0.21 
0.22 
0.99 
0.99 
0.99 
0.99 
0.99 
0.99 
0.90 
0.98 
0.98 
ND 
0.90 
ND 
0.99 
0.99 
0,99 
- presence of inorganic cations in sample 
- presence of inorganic anions in sample 
" variation in pH of sample and mobile phase 
a) Identification of vitamins B,,. B,, and C in commercial drug 
formulations. 
Chromatography of four water-soluble vitamins (folic acid, B,,, 
B| and C) was performed on plain silica gel and on silica gel 
impregnated with CTAB, CPC, SDS, SDC, Brij 35, Brij 78, Cw 
20, Cw 80, or Tw 20 using double-distilled water as the simplest 
mobile phase. Compared with plain silica or silica gel impreg-
nated with ionic (anionic or cationic) surfactants silica gel 
impregnated with nonionic surfactants enabled more effective 
resolution of a mixture of vitamins B,,, B, and C (Figures 
lA-lC) 
From the results listed in Table 2, following conclusions can be 
drawn; 
a) On plain silica gel (without surfactant), folic acid produces 
spot tailing from the point of application to the solvent front. 
The mobilities of B,, and B, are low and that of vitamin C is 
higher. 
b) On silica gel impregnated with cationic (CTAB and CPC) 
surfactants (S,-S,), folic acid again produces a tailed spot 
whereas the other vitamins form compact spots. The mobili-
ties of B,, and B, increased with increasing concentration of 
CTAB (S,-S,) and CPC (S, -S,) in the stationary phase. The 
opposite trend, i.e. decreasing mobility with increasing con-
centration of CTAB or CPC was observed for vitamin C. 
0 0 
0 
n 
J 
B, 
Figure 3 
B, 
He" 
B„ 
Hg" 
V 
HsH-
B, B, 
- f 
Bij B „ ^ H g " 
+ + 
Mobility of thiamine (B,), cyanocobalamin <B„), and ascorbic acid 
(C) on Sjj developed with double-distilled water, without and with 
Hg2» as impurity. 
c) On silica impregnated with anionic I SDS and SDC) surfac-
tants (S„ S|,) mobility of folic acid vvas high on S^-SKJ and 
S,-,, a tailed spot was obtained on S,,, and mobility on S,, was 
moderate (R^ - 0.66). Very compact spots were obtained for 
vitamins B,, B,, and C on layers Sg S,,. Vitamin C was most 
mobile on S, (layer impregnated with 0.001% SDS) and on 
S|| (layer impregnated with 0.001% SDC) whereas its mobil-
ity was low on S ,^ S,,,, S,, and S,,. 
These layers were not suitable for separations, so silica gel 
impregnated with nonionic suiTactants was tested for separation 
of the vitamins. 
The results listed in Table 3 show the effect of nonionic surfac-
tants (Brij 35 and 78, Tween 20, Cween 20, and 80) in silica lay-
ers on the mobility of vitamins. A badly tailed spot was obtained 
for folic acid on S,^  and Sy. Mobility of folic acid and vitamin C 
was high but that of B, was very low. The mobility of B,, falls 
between those of B, and G. Thus, these new layer materials pro-
vide several opportunities for separation of multicomponent 
mixtures of the vitamins. 
Taking into consideration the compactness and clearer detection 
of spots, silica gel impregnated with 2% Cw 80 was selected as 
the stationary phase. It enables better resolution of vitamins B,,, 
B,, and C from their mixtures. The results presented in Fig-
ure IC, clearly demonsti^te the enhanced separation efficiency 
of Cw 80-impregnated silica compared with CTAB or SDS-
impregnated layers. SEM images of pure silica gel and 2% Cw 
80 impregnated silica gel are compared in Figure 2. Plain silica 
gel particles have a nearly smooth surface whereas 2% Cw 80 
impregnated silica gel particles are rod shaped. 
Two approaches were used to examine the effect of pll on mutu-
al separation of B,,, B, and C. When the pH of the sample solu-
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Table 5 
Detection and dilution limits for some vitamins on 2% Cween 80 
impregnated silica layers developed with double-distilled water. 
Vitamin 
Cyanocobalamin 
Thiamine 
Ascorbic acid 
Lower limit of detection ()ig) Dilution limit"' 
0.5 
0.5 
1.0 
l;2x I0-' 
1:2 x 10" 
1:1 X 10^ 
''Dilution limit = !:(Volume of test solution x IO")/(detection limit (|.igj) 
tion was adjusted pH had little effect on i?,. values and separation 
was possible over a wide pH range (pH 2-10). Use of acidic (pH 
1 and 3) mobile phases resulted in no change in the /?,- of vitamin 
C whereas the R^ values of B,, and B, were marginally affected 
(variation in /?,.- ±4%). identical results were obtained for basic 
mobile phases (pH 10 and 12). 
It is clear from Table 4 that metal cations and inorganic anions 
as impurities atfect the mutual separation of B,,, B,, and C. The 
mobilitv of B,, fluctuates from 0.71 to 0.90 in the presence of 
impurities. Similarly, a slight increase in Ji^ value of B, was 
observed in the presence of Li', Af", Na', K*, V-\ Ca-*. Ba-*, 
Zn- , Ni-', CI , NO, , SCN , and SO^- . Separation is, however, 
always possible in the presence of all the cationic and anionic 
impurities listed in Table 4 except in the presence of Hg-* which 
causes vitamins B,,, B,, and C to comigrate forming a single 
spot, so no separation is possible (Figure 3). 
It was observed that 5 (tg thiamine can be easily separated from 
0 018 mg cyanocobalamin. Similarly, 5 l^g cyanocobalamin can 
be separated from O.O.'! mg thiamine. RSD of R^ values when 
mixtures of vitamins B,,. B,, and C were separated were 3.86, 
7.90, and 0.91%, respectively. Thus, the method is highly pre-
cise. The detection and dilution limits of some vitamins listed in 
Table 5 indicate the method is suitable for detecting vitamins at 
trace levels. 
The results listed in Table 6 clearly demonstrate the suitability 
of the method for identification of B,,, B, and C in drug samples. 
4 Conclusion 
This chromatographic procedure enabled identification and 
mutual separation of vitamins B,,, B,, and C with double-dis-
tilled water as mobile phase. Among the stationary phases inves-
tigated, silica gel impregnated with 2% Cween 80 enabled the 
best separation mutual separation of cyanocobalamin, thiamine 
and ascorbic acid. 
Being selective, this method could be implemented as a reliable 
analytical tool for analysis of drug samples. The method could 
be applied for identification of cyanocobalamin, thiamine, and 
ascorbic acid in drug samples. 
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Table 6 
R^ values of cyanocobalamin, thiamine, and ascorbic acid in drug 
samples. 
Drug sample Spiked B„ 
Pol\ bion 
Alamin Forte 
Becozyme C Forte 
Nutrisan 
Supradyn 
Riconla 
Astymin Forte 
Basiton 
C 
B, 
B, 
B 
B 
C 
-
c C ajid B. 
0.64 
0.65 
0.60 
0.62 
0.63 
0.63 
0.65 
0.65 
0.22 
0.17 
0.20 
0 i6 
0.16 
0.23 
0.19 
0.23 
( l . T 
0.98 
0.98 
(! >;ii 
1)94 
0.97 
0.98 
0.99 
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Abstract 
A micellar thin-layer chromatographic system comprising of silica 
layer impregnated with 0.01 % sodium dodecyl sulphate (SDS) as 
stationary phase and 0.1 % aqueous solution of Cween 80 as mobile 
phase was identified as the most favorable system for the mutual 
separation of five water-soluble vitamins (folic acid, 
cyanocobalamin, thiamine, pyridoxine, and riboflavin). Effects of 
the presence of metal cations, inorganic anions, and amines as 
impurities was determined. The detection and dilution limits, given 
in parenthesis for folic acid (1 pg and 1:0.1 x 10''), cyanocobalamin 
(0.08 pg and 1:1.25 x 10"), thiamine (0.05 pg and 1:2.0 x 10*), 
pyridoxine (0.5 pg and 1:0.2 x 10'*), and riboflavin (0.5 pg and 
1:0,2 X 10 )^ were determined. 
Introduction 
\'itamins are essential dietary components required by the body 
in minute quantities to perform certain cellular functions, and 
their ahsence causes specific deficiency diseases. Vitamins catalyze 
biological reactions at very low concentrations, and lack of one or 
more vitamins leads to characteristic deficiency symptoms in 
humans. Multiple deficiencies caused by lack of more than one 
vitamin, such as avitaminosis, is very common in human beings. 
Because of their physiological importance, identification, separa-
tion, and quantification of vitamins in pharmaceutical formula-
tions is important. Analysis of water-soluble vitamins has been 
performed by thin-layer chromatography (TLC) using different 
stationar>' and mobile phases (1-5). Since first use of surfactants 
in paper chromatography in 1963 by M. Lederer (1), surfactant-
modified TLC has found wider applications in separation studies 
(6-9). The use of surfactants in TLC has expanded its potentiality 
by providing efficient separations. Three main approaches 
regarding the use of surfactants in TLC are evident from litera-
ture; as micellar mobile phase (10,11) where concentration of sur-
factant in the mobile phase exceeds the critical micelle 
concentration (CMC); as electrolyte in mobile phase (6,7,12) 
where the concentration ion of surfactants is kept below CMC 
value; and as impregnant of stationary phase (13-16). 
"Author lo whnrri coffesixtndencc shfxild be addressed: email mohjmmuddit4u''i'rediflmailxom. 
Surfactant-modified TLC provides enhanced selectivity as a 
result of difference in the degree of binding of separated mixture 
components with mobile and stationai^i phases. The selective 
solubilization of mixture components with micelles is caused by 
complex electrostatic, hydrophobic, donor-acceptor and polar-
ization interactions. 
All types of surfactants (cationic. anionic, and nonionic) have 
been used in the mobile phase for the separation of amines (14), 
pesticides (17), peptides (18), dyes (19), heavy metal ions (201, 
vitamins (21), and steroids (22). 
Alternatively, surfactants in stationary phase have also been 
used. Thus, following three modifications are available to utilize 
separation potentiality of surfactants in TLC analysis of organic 
and inorganic substances, including the impregnation of the sta-
tionary phase in the absence of the surfactant in the mobile 
phase, the impregnation of the stationary phase with the simul-
taneous introduction of the surfactant in the molecular form 
into the mobile phase, and the introduction of ionic surfactants 
as ion-pair reagents only in the mobile phase. 
Amongst these options, the second has been least studied. The 
present communication is the first report on simultaneous use 
of micellar solutions of anionic surfactant (SDS) in stationary 
phase and a nonionic surfactant (Cween 80) in the mobile phase 
for the study of vitamins. The TLC systems, which are composed 
of mobile and stationary phases modified by surfactants, are 
valuable firom points of view of cost, safety, and environmental 
protection because toxic organic solvents are not used. 
The coupling of anionic and nonionic surfactants has provided 
a novel TLC system for excellent resolution of five water-soluble 
vitamins such as thiamine, cyanocobalamin, riboflavin, pyri-
doxine, and folic acid. 
Experimental 
Apparatus 
A TLC applicator (Toshniwal, India) (20 x 3 cm glass plates and 
24 X 6 cm glass jars) was used for the development of chromato-
graphic plates. Iodine chamber was used to locate the position of 
the spot with a Ixo microscope. 
Ki^roduclion iphotocopying) of editorial content o1 this journal is prohibited without publiihcr's permissi( 1 
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Chemicals and reagents 
Silica gel G, pyridoxine (Bg), and methanol were purchased 
from Merck (Mumbai India); cellulose, kieselguhr G, aluminium 
oxide G, A'-cetyl A',A',Af-trimethyl ammonium bromide (CTAB). 
cetylpyridinium chloride (CPC), cetylpyridinium bromide (CPB), 
Cween 80 (Cw 80). Cween 20 (Cw 20), tween 20 (Tw 20), triton 
X-100 (TX-lOO), cobalt chloride, barium chloride, copper sul-
phate, zinc nitrate, mercuric chloride, ammonium chloride, alu-
minium nitrate, ammonium sulphate, folic acid, 
cyanocobalamin (B12), thiamine (B|), ascorbic acid (C), and 
riboflavin (83) came from CDfl (New Dehli, India); dodecylben-
zene sulfonic acid from Fluka (Milan, Italy), brij 35 from 
Qualigens Loba Chemie (Mumbai, India), and sodium dodecyl-
sulphate (SDS) from BDH (Mumbai, India) were used. 
Vitamins studied 
Water-soluble vitamins used in the present study include folic 
acid, cyanocobalamin, thiamine, ascorbic acid, pyridoxine, and 
riboflavin. 
Test solutions 
]% aqueous test solutions of all vitamins (except 0.5% 
cyanocobalamin) were used. 
Detector 
Iodine vapours were used to detect vitamins. 
Table 1. Stationary and Mobile Phases 
Symbol 
SI 
S2 
S3 
S4 
S5 
Sfe 
S7 
S8 
59 
S10 
sn 
SI 2 
SI 3 
Stationary 
phase composition 
Sili( d gef G slurry in 1 % CTAB 
Silica gel G sliirty in 1% CPC 
Silica gel G slurry in 1% CPB 
Silica gel G sluny in 0.00001% SDS 
Silica gel G slurry in 0.001% SDS 
Silica gel G slurry in 0.01 % SDS 
Silica gel G slurry in 0 1 % SDS 
Silica gel G slurry in 1% SDS 
Silica gel G slurry in 1%SDC 
Silica gel G slurry in 1% DBS 
Alumina slurr\' in 0.01% SDS 
Cellulose slurry in 0.01% SDS 
Kieselguhr slurry in 0.017o SDS 
Symbol 
MI 
M2 
M3 
M4 
M5 
m 
M7 
M8 
M9 
Mobile phase 
composition 
0.0001% CwccTi 80 
Q.001% Cween 80 
0,01% Cween 80 
0.1% Cween 80 
1% Cween 80 
0.1% Cween 20 
0.1% Brij 35 
0.1%TX-100 
0.1% Tween 20 
Chromatographic systems 
The stationary and mobile phases used are listed in Table 1, 
Preparation of TLC plates 
Plain silica gel thin-layer plates 
TLC plates were prepared by mixing silica gel G with double-
distilled water in 1:3 volume ratios with constant shaking for 5 
min until a homogeneous slurry was obtained. The resultant 
slurry was coated on the glass plates with the help of a Toshniwal 
applicator to give a 0.25-mm thick layer. The plates were first air-
dried at room temperature and then activated by heating at 
1OOT for 1 h. After activation, the plates were kept in an air-tight 
chamber until used. 
Surfactant impregnated TLC plates 
Impregnated TLC plates were prepared by mixing silica gel 
with aqueous surfactant solution in 1:3 ratios with constant stir-
ring until homogeneous slurry was obtained. Thin layers of 
resultant slurry were prepared by following the method as 
described previously. 
Procedure 
TLC was performed on unimpregnated (or plain) and impreg-
nated (with CTAB, CPC, CPB, SDS, SDC. or DBS) silica gel layers 
in glass jars. Test solutions (0.1 \xL) were applied by means of 
micropipette about 2 cm above the lower edge of the plates. The 
spot was allowed to dry, and then the plates were developed in the 
chromatographic chamber presaturated for 30 min with the 
desired solvent system using ascending technique. The solvent 
ascent was kept up to 10 cm from the point of application. After 
figure 1 . SEM images of pure silica gel and silica gel impregnated with SDS 
surfactant: (A) pure silica gel and (B) SDS impregnated silica gel. 
Table I I , RF Values of Wate r Soluble Vi tam 
Mob i l e Phase 
Vitamins 
Folic acid 
Cyanocobalamin 
Thiamine 
Ascorbic acid 
Pyridoxine 
Riboflavin 
• Double .^ }w)I. 
M, 
0.04 
0.20 
0.10 
0.03 
0,99' 
0.68 
0.30 
s, 
M2 M3 
0.03 0.03 
0.21 0.21 
0.12 015 
0.04 0.03 
0.98* 0.99* 
0.63 0.60 
0.34 0.35 
+ Tailed spol. 
ins on 
M4 
0.03 
0.24 
0.11 
0.13 
0.97* 
0.66 
0.29 
Cationic Surfactant Pre-lmpregnated 
M5 
0.03 
0.23 
0.13 
0.03 
0.99* 
0.66 
0.32 
M, 
0.03 
0.22 
0.17 
0.14 
0.95* 
0.64 
030 
M, 
0.05 
n.2i 
012 
0.13 
0.95* 
057 
0.26 
S2 
Ms 
0.04 
0.20 
0.11 
0.11 
0.94* 
0.56 
0.29 
Silica Stationary Layer Using Nonionic Surfactant as 
M4 
0.04 
0.25 
0.09 
0.12 
0.95* 
0.57 
0.25 
M; 
0.04 
0.19 
0.14 
0.02 
0.95* 
0.65 
0.32 
M, 
0.04 
0.20 
0.13 
1-0' 
0.62 
0.16 
Mj 
O04 
0.20 
012 
1-0' 
061 
0.15 
S3 
M3 
0,03 
0.22 
015 
1-0* 
0.64 
017 
M4 M5 
0.04 0.04 
0.21 0.21 
0.14 014 
1-0* 1-0' 
0.63. 0.64 
018 018 
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development, the plates were dried at 60T and then kept in 
iodine chamber to locate the position of vitamins (thiamine, 
ascorbic acid, pyridoxine) while folic acid, cyanocobalamin, and 
riboflavin are self-detected. The Rp values were calculated from 
the values of R,, (Rf of the leading front) and RT (RF of the trailing 
front), 
Rp = (R,, + RT)/2 
Separation 
For the mutual separation, equal volumes (1.0 mL each) of 
folic acid, cyanocobalamin, thiamine, pyridoxine, and riboflavin 
were mixed and 0.2 pL of the resultant mixture was loaded on 
0.01% SDS impregnated silica (Sg) TLC plates. The plates were 
developed with 0.1% Cw 80 (M4) as mobile phase. The spots were 
detected by iodine vapors, and the Rp values of the separated vita-
mins were determined. 
Interference 
For investigating the interference of amines, inorganic 
anions, and metal cations on the mobility of vitamins, 0.2 pL 
mixture of vitamins (folic acid, cyanocobalamin, thiamine, pyri-
doxine, and riboflavin) was spotted on 0.015 SDS impregnated 
silica TLC plates (SR) followed by the spotting of 0.2 pL of the 
interfering species (1% solution of cation, anion or amine) on 
the same spot. The chromatography was performed with S6-M4 
(stationary phase, 0.01% SDS impregnated silica gel and mobile 
phase, 0.1% Cw 80) system. The spots were detected, and the Rp 
values of vitamins were determined. 
Table I I I . RF Values of Wate r Soluble Vitamins on Silica Phases 
Impregnated wi th Dif ferent Anionic Surfactants Using 0.1 % 
Cwcen 8 0 as 
Vitamins 
Foiir acirf 
CyanocoijaiatTn'n 
Thiamine 
Astotbit aci(i 
Pyridoxine 
Ribotlavin 
Mobi le Phase 
S8 
0.91 
0.27 
0.05 
0.95 
0.66 
0.51 
RF Values 
S9 
0.94 
0.27 
0.06 
0,98 
0.66 
0..S1 
S10 
0.92 
0.20 
0.07 
0.97 
0.61 
0.35 
Table IV. RF Values of Vitamins on Silica Layers impregnated 
w i t h Dif ferent Concentrations of SDS Using M 4 M o b i l e Phase 
Vilamins 
h»lt( ac t() 
Cyanocobalamin 
Thiamine 
Ascorbic acid 
Pyridoxine 
Riboflavin 
&4 
0.99 
0.20 
0.08 
0.99 
0.71 
0.45 
S5 
0.99 
0.22 
0,08 
0,99 
0.68 
0.J9 
Rf Values 
S6 
0.99 
020 
0,05 
0.99 
0,70 
0,42 
S7 
0.99 
0.21 
0.07 
0,99 
0,62 
0,3j 
S8 
0.91 
0.27 
0.05 
0,95 
0.66 
0.51 
Detection and dilution limits 
The detection limits of folic acid, cyanocobalamin. thiamine, 
pyridoxine, and riboflavin were determined by spotting different 
amounts of folic acid, cyanocobalamin. thiamine, pyridoxine. or 
riboflavin on 0.01% SDS impregnated silica gel (Se) stationary' 
phase, developing TLC plates with M4 mobile phase and 
detecting the spots. The method was repeated with successive 
lowering of the amount of vitamins. The lowest amount that 
could be detected was taken as the limit of detection (LCD). The 
limit of dilution was determined using the expression: 
Dilution limit = 1: (volume of test solution x \0%IOT) (jig)! 
Results and Discussion 
The present study has following interesting features use of 
novel micellar TLC system comprising of anionic surfactant 
(SDS) in silica gel stationary phase with nonionic surfactant 
(Cween 80) in mobile phase in the analysis of vitamins; on-plate 
identification and simultaneous separation of folic acid, 
cyanocobalamin, thiamine, pyridoxine, and riboflavin; separa-
tion of vitamins (folic acid + cyanocobalamin + thiamine + pyri-
doxine + ribotlavin) in the presence of impurities; 
chromatographic parameters like BRp, S, and Rs for the sepa-
rated vitamins were calculated. 
Detection and dilution limits were determined for the sepa-
rated vitamins. In present study, following TLC systems were 
tested with the aim of identifying the most favorable system for 
simultaneous separation of water-soluble vitamins. 
Cationic-nonionic TLC system 
From the results depicted in Table If, the mobility of six water-
soluble vitamins on cationic surfactant (CTAB, CPC and CPB) 
impregnated silica stationary phase, using different concentra-
tions (%) of nonionic surfactant (Cween 80) as mobile phase 
shows double or tailed spots for ascorbic acid. Cyanocobalamin, 
thiamine, and riboflavin have low Rp values, which differ 
marginally, and hence their mutual separation was not possible. 
On increasing the concentration of Cween 80 in mobile phase 
from 0.0001 % to 1 % was found non-effective to induce differential 
migration among vitamins as evident by marginal variation in the 
Table V. Effect of Nature of SDS Impregnated Different Adsorbents on 
the RF Values of Water Soluble Vitamins With M4 
Vitamins 
Folic acid 
Cyanocobalamin 
Thiamine 
Ascorbic acid 
Pyridoxine 
Riboflavin 
*ND = Not dptectpd. 
SI I 
0.02 
0.99 
0,99 
0.03 
0,24 
0,92 
RF Values 
S12 
0,97 
0,95 
ND* 
0.99 
ND 
0.44 
Mobile Phase 
S13 
099 
0.9^ 
NO 
0 99 
0.92 
«.9i 
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Rp values of vitamins. Amongst various concentrations of Cween 
80 examined, 0.1% Cween 80 (M4) was selected for further studies 
considering the detection clarity of vitamins on TLC plates. 
Cationic surfactant mediated stationary phase yields poorer sepa-
rations, so to obtain better surfactant mediated stationary phase, 
anionic surfactants were used instead of cationic surfactants. 
Anionic-nonionic TLC system 
In order to investigate the mobility of vitamins, anionic (1% -
SDS, SDC and DBS) surfactants were taken in stationary phase 
with 0.1% Cween 80 (M4) mobile phase. 
Results listed in Table III show that anionic surfactant medi-
ated stationary phases yield better results in terms of differential 
migration of vitamins compared to cationic-nonionic systems. 
Folic and ascorbic acids migrate with the solvent front as evident 
from high Rp value (Table III). Conversely, thiamine shows high 
Table V I . Effect of Different Nonionic Mob i l e 
Separation of Vitamins 
Vitamins 
folii aiid 
(I'anof obala">in 
Ttiianiinp 
Asrnrbir afid 
lyidoxmc 
M4 
0.2 D 
0.0') 
0.99 
0.70 
0.42 
Using S6 
M6 
0.20 
0.05 
0.99 
0.f,7 
0.37 
as Stationary 
RF Values 
M; 
0.20 
0.04 
0.99 
0.6S 
0.38 
Phases on 
Phase 
M8 
0.15 
0.04 
0.99 
0.f)5 
0.31 
the 
M9 
0.19 
004 
0.99 
0.68 
0.37 
Table V I I . Separation of Vitamins in the Presence of Impurities 
on SDS ( 0 . 0 1 % ) Pre-lmpregnated Silica Phase (S^) Using 
Cween 80 (0.17o) (M4) as Mobi le Phase 
Impuril 
SO,-' 
SCN 
ci-
,N0:' 
Ba'' 
Co^-
Cii '-
/ 'n ' -
l i * 
TF-
Ni-' 
A l -
V& 
I V -
MTA' 
D B \ ' 
«-NTA' 
T-BTA' 
T-n-BA' 
• MTA = 
T-BrA = 
les Cyanocobalamjn 
0.16 
0.16 
017 
0.30 
0.20 
0.17 
0.19 
0.18 
No reparation 
0.14 
0.18 
0.18 
0.18 
0.09 
0.15 
0.16 
0.19 
0.16 
022 
0.22 
0.23 
Ntoliylamine DPA = 
Tert4)utvlamine T-n-BA 
Thiamine 
0.05 
0.05 
0.04 
004 
0.05 
004 
0.06 
0.05 
0,06 
0.05 
0.06 
0.05 
ND 
0.02 
0.52 
0.06 
0.06 
0.05 
0.07 
0.07 
Rf Values 
Folic acid 
ND 
0.99 
099 
ND 
0.99 
ND 
ND 
0.99 
0.99 
0.99 
0.99 
0.99 
ND 
0.99 
0.98 
0.99 
0.96 
ND 
0.91 
0.94 
Diphenylamine a-NT/ 
= Tri-n-butylatnine 
Pyriiknine Riboflavin 
0.68 
0.70 
ND 
0.64 
0.74 
ND 
0.66 
0.66 
0.67 
0.72 
0.66 
0.61 
ND 
ND 
0.67 
0.67 
0.66 
0.62 
0.68 
0.63 
\A = B-Naphthyl 
0.36 
0.37 
0.38 
037 
0.46 
039 
0.43 
0.44 
0.36 
0.41 
0.37 
0.39 
0.37 
0.39 
0.42 
0.34 
0.36 
0.37 
0.51 
0.43 
amine 
affinity for stationary phase (i.e., anionic surfactant mediated 
silica layer) and remain close to the point of application (Rp = 
0.06). Interesting, mid Rp values for pyridoxine and riboflavin 
favors their separations from all other vitamins like folic acid, 
cyanocobalamin, and thiamine. With this TLC system, vitamins 
follow the following order of decreasing order of mobility' (i.e., Rp 
value) ascorbic acid > folic acid > pyridoxine > riboflavin > 
cyanocobalamin > thiamine. Thus, the present anionic-nonionic 
TLC system is more effective in discriminating various vitamins 
on the basis of their migration pattern. As a result several combi-
nations of separation of vitamins are available with this system. 
Among anionic surfactants, for further analysis of vitamins SDS 
was selected and its concentration for impregnation was opti-
mized. For this purpose, mobility pattern of vitamins was studied 
at different concentration levels (0.00001 to 1%) of SDS in silica 
layer using M4 mobile phase. From the results shown in Table IV. 
Sg (silica gel impregnated with 0.01% SDS) was selected for fur-
ther study for separation of vitamins. The scanning electron 
microscopic (SEM) images of none modified and SDS modified 
silica gel shown in Figures lA-lB clearly demonstrate the altered 
surface morphology of silica phase on impregnation. Figure lA 
shows that silica gel particles displayed a nearly smooth surface 
while Figure IB shows impregnated silica particles displayed the 
rod shape-like surface. Therefore, the impregnated silica gel 
Table V I I I . Detect ion and Di lut ion Limits of Some Vita 
Achieved W i t h S6 -M4 System* 
Vitamins 
Cyanocobalamin 
Thiaminp 
l\riiloxine 
Riboflavin 
Folic acid 
'Dilufifin limit - 1 
Lower limit of detection ((ig) 
0.08 
0.05 
0.5 
0.5 
1 
(volume of te«t salution > l((")/!l im(to 
tnins 
Dilution limit 
1:1.2., 
i.2.n,< 
1,0.2 -
1 0.2 X 
1:0.1 * 
» H)* 
IIH 
ni< 
Ul ' 
10^ 
E 
0 
0 
1 
1 
E (J 
^ 3 7 
0 
0 
0 
0 
— Foiicacid 
— Pyridoxine 
Riboflavin 
• Cyanocobalarnm 
Thiamine 
Figure 2. Separation of vitatnins from their mixture (thiamine, q anocobai-
amine, riboflavin, pyridoxine, and folic acid.) on SDS impregnated silica layer 
(S6) and developed with Cween 80. 
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phase is effected to provide some unusual separations. 
in order to broaden the scope of SDS impregnated stationary 
phase in TLC analysis of vitamins, certain commercially available 
sorbents (alumina, cellulose, and kieselguhr) impregnated with 
0.01% SDS were tested as stationary phase for obtaining some 
new results. As expected, mobility trend of vitamins was strongly 
influenced by the nature of sorbent (Table V). High mobilities of 
cyanocobalamin, thiamine, and riboflavin and lowest mobility of 
folic acid or ascorbic acid were obtained on SDS impregnated 
alumina stationary phase. Ternary separations of vitamins can be 
realized on S,,. On SDS impregnated cellulose layer three vita-
mins (folic acid, cyanocobalamin, and ascorbic acid) migrate 
with the solvent front, riboflavin shows mid Rp value and thi-
amine as well as pyridoxine could not be detected. Thus, binary 
separations can be obtained with this system. Poor results from 
the point of view of separation were obtained on kieselguhr as 
the entire vitamins move with the solvent front and thiamine 
was not detected, and hence no separation was possible. In con-
clusion, chromatographic .system comprising of 0.01% SDS 
impregnated silica gel (Sg) a.s stationary phase and 0.1% Cween 
80 (M4) as mobile phase was identified most suitable for mutual 
separation of thiamine, cyanocobalamin, riboflavin, pyridoxine, 
and folic acid on single TLC plate (Figure 2). The formation of 
spots on chromatograms for folic acid were semi-circled whereas 
for other vitamins the spots appeared as oval-shaped. The substi-
tution of Cween 80 by other nonionic surfactants (Cw 20, brij 35, 
TX-lOO, and Tw 20) as mobile phase yielded almost similar 
results in respect of mobilities of vitamins irrespective of the 
nature of nonionic surfactant (Table VI). 
Separation in presence of impurities 
To widen the applicability of developed TLC system S6-M4, the 
mutual separation of thiamine, cyanocobalamin, riboflavin, pyri-
doxine, and folic acid was examined in the presence of impurities 
(metal cations, inorganic anions and amines) as tabulated in 
Table VII. Folic acid could not be detected in the presence of 
Co2+, NO3-, Cu2^ AP% S04 -^, and B-naphthylamine while the 
detection of pyridoxine was not possible in presence of Co^ *, CI", 
AP+, and Th'*+. Al^ + interferes in the detection of thiamine. In the 
presence of Hg2+ five-component mixture of vitamins (folic acid, 
cyanocobalamin, thiamine, ascorbic acid, pyridoxine, and 
riboflavin) was not resolved into its components, and hence the 
separation is hampered. All vitamins co-migrate in the presence . 
ofHg2+. 
Detection and dilution limits 
The detection and dilution limits of some vitamins presented 
in Table VIII indicate that the proposed method is highly sensi-
tive for detecting vitamins at trace levels. 
Conclusion 
The proposed novel micellar TLC system involving the use of 
impregnation of the stationary phase with an anionic surfactant, 
0.01% sodium dodecyisulphate (SDS), and a nonionic surfac-
tant, Cween 80, as the mobile phase has afforded good results for 
the separation of water-soluble vitamins. It is most suitable for 
the identification and mutual separation of thiamine, 
cyanocobalamin, riboflavin, pyridoxine, and folic acid from their 
five-component mixtures. The proposed method is sensitive for 
detecting vitamins at trace levels. 
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